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a
Several trilobite associations are identified from Silurian
rocks.The homalonotid-acastomorph association has a low diver-
sity and is found in nearshore, high-energy environments having
high rates of sedimentation (Benthic Assemblage 1-2).Level-
bottom communities occupying a mid-shelf Benthic Assemblage 3
position are characterized by the trilobites Calymene, Dalmanites,
and E-ncrinurus.Dicelosia communities (Benthic Assemblage 4-5)
occupy an outer-shelf position and contain a diverse association of
trilobites, including calymenids, such as Flexicalymene, along with
Dalmanites, phacopids, and Otarion.Outer-shelf and shelf-slope
communities are characterized by odontopleurids and Aulacopleura.
Trilobites on a generic or higher taxonomic level are not
confined to particular environments, but some groups are more
abundant or diverse in certain environments. An examination of
different groups of trilobites shows differing levels of correlationbetween occurrence and environment.Dalmanites, Encrinurus,
calymenids, and proetids occur throughout a wide range of shelf
environments, but a more detailed examination of proetids and
calymenids may reveal a more restricted distribution at the generic
and specific levels.Encrinurus reaches a maximum abundance in
Benthic Assemblage 3 mid-shelf communities. Homalonotids and
acastomorphs are typical of nearshore clastic environments.Lichids
are restricted to mid-shelf communitiesand illaenids and scutelluids
are most common in similar, carbonate envrionments.Otarionids
and phacopids are more typical of outer-shelf environments and
odontopleurids and Raphiophorus are typical of outer-shelf and shelf-
slope.
Examples are given showing that specific trilobite associations
can occur with different brachiopod communities suggestingthat each
group may respond differently to environmentalcharacteristics.
Rarity and low-diversity of proetids in most of North America
compared with Europe during the Silurian is due to biogeographic
differences and not environmental differences.
Trilobite associations of Silurian carbonate buildups (Benthic
Assemblage 3) have a definite composition and mode of occurrence
worldwide. The dominant trilobite association is the illaenid-
scutelluid-lichid association, which is typical of the core are of
carbonate buildups.These trilobites are found in accumulations ofdisarticulated skeletal elements stacked in a convex-side-down orien-
tation; cephalopods are often associated with them.Experimental
evidence and field observations suggest that these accumulations
form by the concentration of molted trilobite exoskeletonsand dead
cephalopod shells in depressions in the substrate or behind large
objects and other sediment traps.Trilobite-cephalopod accumula-
tions are found in Ordovician-Carboniferous carbonatebuildups,
while cephalopod accumulations are also found in Permian-Jurassic
buildups.
A second trilobite association in reef environments is charac-
terized by Sphaerexochus, encrinurids, and calymenids; this associa-
tion is typically found in outer flank pelmatozoan-rich beds, repre-
senting a lower-energy environment than the central reef core.The
presence of these associations in mostcarbonate buildups indicates
that environmental conditions are similar in these structures, re-
gardless of the variety of current environmental interpretations.
Two different biogeographic groupings of the illaenid-scutelluid-
lichid association are observed in the central United States.These
groups cannot be attributed to difference in age orobservable envi-
ronmental differences.
The trilobite faunas of Ordovician-Permian reefs are conserva-
tive in their morphologic occurrence and abundance.Illaenids,
scutelluids, lichids, and cheirurids are the dominant trilobites inOrdovician-Devonian buildups, while proetids are dominant in
Carboniferous and Permian buildups.Most trilobite groups and
morphologic types found in later buildups are already presentin the
Ordovician.Only a few taxa from four families Illaenidae,Proetidae,
Cheiruridae, and Lichidae dominate the carbonate buildupsthrough
the Ordovician-Permian.
The Silurian lithostratigraphy of southeastern Wisconsinis
discussed in light of new exposures. A complete sectionthrough
the Silurian is now known for the southern part ofthe study area
and lithologic correlation with Silurian units in theChicago area
is possible.@Copyrightby Donald George Mikulic
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Schoonmaker reef, Wanwatosa, Milwaukee County,
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Silurian carbonate buildup in North America to
be described as an organic reef.Photo circa 1913,
courtesy of Mrs. Bonnie Bliffert.THE PALEOECOLOGY OF SILURIAN TRILOBITES,WITH
A SEC TION ON THE SILURIAN STRA TIGRAPHY OF
SOUTHEASTERN WISCONSIN
INTRODUC TION
This study will consider the association and distributionof
Silurian trilobites in both level-bottom and reef environments.
Although community studies of Silurian level-bottom environments
are numerous, little work has beendone on the trilobites since
they make up only a small percentage of each of the communities.
Since there are few geographic areas where most ofthe major types
of known Silurian environments exist it was necessary toobtain
information on a worldwide basis for this study.
This study has been divided into three parts.The first con-
siders level-bottom Silurian trilobite associations and isgenerally
based on data and information from previously studiedenvironments.
A number of brachiopod communities have been described inthe
Silurian whose distribution appears to be controlled byspecific
environmental factors.This study was undertaken, in part, to
determine whether trilobite associations are controlled by the
same environmental factors as those affectingbrachiopod distribu-
tion.
In the second part of this study, particular emphasishas been
placed on the trilobites in reefs and other carbonate buildupsbecause2
of the high diversity of the trilobite faunas and the unusual mode of
occurrence of some of the trilobites in these environments.
The third and final part of the study deals with the Silurian
stratigraphy of southeastern Wisconsin.This part of the study was
undertaken because a significant amount of information on trilobite
distribution, particularly from reef environments, was derived from
southeastern Wisconsin.The stratigraphy of this area was not well
known, but new exposures and subsurface information have allowed
new interpretations of the lithostratigraphy to be made.3
SILURIAN LEVEL-BOTTOM TRILOBITE ASSOCIATIONS
Introduction
Numerous studies of Silurian benthic community composition
and distribution have been published since Ziegler's (1965; Ziegler
et al., 1968) initial work on the Llandoverian communitiesof Wales
and the Welsh Borderland. Most of these studies have emphasized
the brachiopod component of each community since brachiopods are
usually the most numerous fossil group represented.Specific details
concerning other fossil groups are generally lacking.
Ziegler's work established a pattern of communities which
occurs along a shoreline-proximity,depth-correlated gradient from
shallow-water, nearshore environments to offshore, deep-water,
basinal environments (see Table 1).This pattern of community
occurrence related to changes in water depthhas served as a model
for later work. Some modification, however, has been necessary
since it has been found that water depth, although correlating with,
and partially influencing, environmental conditions which control
community distribution, is not in itself the primary controlling
factor.
It has also been found that Ziegler's communities are much
broader and all-inclusive than those used by modern marine ecolo-
gists (Boucot, 1975).Problems have arisen in trying to useTable 1.Comparison of Ziegler's (1965) community scheme for the Upper Llandovery and Boucot's
(1975) benthic assemblage (B.A.) scheme. B.A. 1 is high intertidal; B.A. 2 is low inter-
tidal; B.A. 3 is subtidal, photic zone; B.A. 4-6 are in the subphotic zone. Reef commu-
nities occur in B.A. 3.Table is based on Boucot (1975, Table 1 and Figure 15).
shallow water
deep water
Ziegler Boucot
Lingula Community B.A. 1 near shore
Eocoelia Community B.A. 2
Pentamerus Community B. A. 3
Stricklandia Community B.A. 4
Clorinda Community B.A. 5
B. A. 6 offshore
4=,5
Ziegler's terminology in other time periods and geographic areas.
Boucot (1975) has proposed using a benthic assemblage scheme
for developing a community framework in which to relatedifferent
communities in time and space.This approach avoids the need to
identify a group of communities with the name of a particular taxon
which may or may not be present in all communities (seeTable 1).
Benthic assemblages are arranged in a manner similar to the
community occurrences described by Ziegler (1965); they are,
however, based more on their proximity to shoreline than ondepth.
Depth may be reflected in the proximity to shoreline, but it is not
implicit in the definition of benthic assemblages (Boucot,1975).
Watkins (1979a) has made a detailed study of the benthic com-
munities of the Ludlow Series present along a single transect inthe
Welsh Borderland.In his work he placed more emphasis on defining
observable physical environmental characteristics, such as sedi-
mentary structures, of the sedimentary rocks to determine rela-
tionships between communities.
An analysis of the trilobite distribution in association with
described brachiopod-dominated communities has been undertaken
in this study.Information from published studies, examination of
collections used in those studies, and additional collections from
some of the same localities were utilized in thisanalysis.Data
from isolated communities lacking supplemental environmental6
information based on sedimentological evidence were not used.
Published faunal lists were not used because many stratigraphic
units may contain a wide range of environments and, consequently,
several communities might unknowingly be combined.
In this study the number of trilobites was determined by taking
the number of the most abundant skeletal element (cephala, cranidia,
pygidia, or hypostomes ,along with the number of complete speci-
mens, if any, as the minimum number of individuals in each collec-
tion.Thoracic segments were excluded from these counts.The
percentage of trilobites in all collections is somewhat exaggerated
since there is no accurate method for determining how many speci-
mens may represent molts of the same individual.Modern arthopods
are quite variable in the number of molts they produce, which changes
in frequency with age and other factors such as temperature.
The following sections describe the trilobite associations in
recognized communities for which some corroborating evidence for
environmental determination exists.
Waldron Shale
The Waldron Shale is one of the more notable Silurian forma-
tions in North America because of its well preserved, diverse biota.
Surprisingly, little detailed information has been published on the
paleoecology or sedimentology of this unit.Fossils from the famous7
locality along Conn's Creek (type locality of theWaldron Shale; see
Appendix I) near Waldron, Indiana, were firstdiscovered in 1860 by
D. Christy (Hall, 18821. James Hall assembled alarge collection
of fossils from this locality and described the faunain a series of
publications (Hall, 1864, 1877, 1879, 1882).Other than limited
taxonomic studies there has been little published onthe Waldron in
recent years.
The Waldron Shale in northern Indiana is a poorlyfossiliferous
argillaceous or dolomitic limestone (Pinsakand Shaver, 1964).In
southeastern Indiana, central Kentucky, and north-centralTennessee
the Waldron is a light greenish-gray shale withlimestone beds in
its lower half.Some beds of theWaldron are highly fossiliferous
in southeastern Indiana and north-centralTennessee, but surpris-
ingly few fossils have been reported from exposuresin Kentucky.
In southeastern Indiana the Waldron Shale rangesfrom zero to
ten feet in thickness and is a, thin-bedded,greenish- or bluish-gray
calcareous shale with a few thin beds of argillaceouslimestone in
its lower layers. Many of the outcrops inShelby, Bartholomew,
and Ripley Counties, as well as other areas of Indiana, arepoorly
fossiliferous.It appears that the fossils are generallyassociated
with the more calcareous beds. The type locality and primary
collecting locality on Conn's Creek, near Waldron, have longbeen
inaccessible, but in recent years good exposures have beenavailable8
at the Blue Ridge quarry, a short distance to thesoutheast.
A general section through the Waldron Shale at theBlue Ridge
quarry (see Appendix I for localitydetails) has been recently published
by F rest (l977!, who indicated that the lower twofeet of the Waldron
contain limestone beds and unbedded limestone masses(bryozoan
mounds). He also stated that three-fourths of the crinoid taxa re-
ported from the Waldron are not found above theselimestone beds.
Ha lleck (19731 described the sedimentological andpaleoecologi-
cal characteristics of the lower beds of the WaldronShale and its
contact with the underlying Laurel Limestone asexposed at the Blue
Ridge quarry.She noted that the contact between these two units was
not everywhere gradational and that in some areasthe upper surface
of the Laurel was a hardground.She found that the fauna attached
to this hardground had to modify its mode ofattachment at the onset
of Waldron deposition because of the resulting softsubstrate. Many
forms (crinoids, for example had to initially settle on ahard object,
such as a shell, and later use branching root systems to penetrate
the soft substrate as they grew too large to be supported.
In general, the Waldron Shale at this locality (BlueRidge
quarry) shows a significant vertical variation in theabundance
and diversity of its biota.The lower limestone and shale beds con-
tina a typical, abundant, well preserved, diverseWaldron fauna,
the abundance and diversity of which appears to be directlyrelated9
to the presence of the limestone beds.
A significant feature of these lower beds is the local occurrence
of small bryozoan mounds or carbonate buildups.These structures
appear to have been constructedby encrusting and branching bryozo-
ans, and possibly algae, and aresomewhat similar to the bryozoan
mounds in the Irondequoit of western New York (see section onthe
Rochester Shale).These mounds are one to two feet high, several
feet in diameter, and have a domal surface.The lower portions of
these structures have not been observed, so the natureof the sub-
strate on which they developed is not known.Frest (1977) diagram-
matically illustrated these mounds resting on a limestonebed in the
Waldron Shale and not in contact with the Laurel surface.The beds
surrounding the bryozoan mounds do not seem to dip away from, or
dome over, the mounds to any great degree.It is of particular
interest that the diversity and abundance of fossils appears toin-
crease in the vicinity of these mounds; it is notknown whether this
is a taphonomic effect or if the mounds maintained somecontrol
over the distribution of various organisms.It is probable that these
mounds provided a large surface area for the attachment of many
different organisms that was not generally available elsewhere in
the Waldron Shale. Away from the mounds fossils are scattered.
Trilobites are uncommon in these lower beds (see Table 2)
although probably all of the Waldron trilobite species are present,10
including the following, of which Calymene brevicepsand Dalmanites
verrucosus are most predominant:Calymene breviceps, Dalmanites
verrucosus, Dalmanites halli,Otarion christyi, Lichas breviceps,
Arctinurus boltoni, Trimerus delphinocephalus, Bumastuscf.
armatus, Bumastus cf. ioxus, Cheirurusdilatatus, "Acidaspis"
fimbriata, and Decoroproetus? sp. Away fromthe bryozoan mounds,
Calymene and Dalmanites are still the most commontrilobites, with
occasional specimens of Arctinurus and Otarion.The preservation
of trilobites in these beds is variable.Specimens of Calymene are
occasionally found articulated or partiallyarticulated; the same is
true for Otarion.Dalmanites is very rarely found articulated
although isolated skeletal elements are commonand cephala are
frequent; this is in contrast to the Rochester Shale ofNew York
where complete specimens are not rate, but cephala areseldom
found.The rest of the Waldron trilobites are usuallyrepresented
by isolated, disarticulated skeletal elements.Trilobite abundance
and diversity increase in the vicinity of thebryozoan mounds and
nearly all of the Waldron trilobite species have beenfound there.
Boucot (1979, personal communication) stated thatthe fauna
from these lower limestone and shale beds belongs tothe Striispirifer
Community and placed it within his Benthic Assemblage 3.
Proceeding upward in the section at the Blue Ridge quarry,
limestone beds significantly decrease in occurrenceand fossilsTable 2.Taxic percentages of the Striispirifer Community (Benthic Assemblage 3) based on collections of the Waldron Shale at Waldron, Indiana
(U. S. N. M. 10C 17595), along Clifty Creek in Bartholomew and Shelby Counties, Indiana ( Ausich, 1975, localities 21, 48, 88, and 89)
and at Newsom, Tennessee (U. S. N. M. 10C 13628).Collection USNM 10C 17595 is from the Bryozoan beds near the base of the section.
Bryozoans were not counted in any collections, but they are common.See Appendix I for locality details.
17595 Unit 4 Unit 8
Locality 21
Float Loc. 48 Loc. 88 Loc. 89 13628
Brachiopods 97. 8% 69. 3% 88. 8% 66. 8% 90. 6% 82. 0% 77. 7% 90. 1%
Gastropods 1. 3 1. 6 6. 6 5. 5 1. 7 4. 9 6. 5 0. 8
Crinoids 0. 7 6. 5 2. 0 22. 0 2. 3 6. 7 2. 3 6. 5
Sponges - 0. 1 0. 1 0. 3 1. 1 0. 4
Bivalves - - 0. 2 0. 2 0. 3 0. 1 - 0. 4
Tabulate Corals - 20. 9 0. 8 3. 8 2. 4 4. 0 4. 4
Annelids - - - - 0. 1 -
Cornulitids - - 0. 8 -
Blastoids - - 0. 8 0. 3 -
Trilobites 0. 2 1. 6 0. 2 0. 3 2. 3 1. 7 3. 4 0. 2
Total number of
individuals 604 124 465 1341 1244 725 471 24312
become rare and much less diverse. There is, however, a highly
fossiliferous limestone bed near the top of the Waldron which con-
tains a low diversity biota of typical Waldron fossils.Brachiopods
again are the dominant taxa, but nearly all are rhynchonellids.Only
a few specimens of other brachiopods are present; Boucot (1979,
personal communication) has identified Atrypa "reticularis, "
Leptaena "rhomboidalis, " Dalejina sp., Resserella sp., and
strophomenaceans from this bed.The gastropod Cyclonema and
small branching bryozoans are common. Eucalyptocrinites is the
only crinoid taxon found.Trilobites are not rare, however, one
species (Otarion christyi) accounts for the greatest percentage of
this group.Lichas breviceps is next most abundant, followed by
Calymene breviceps. Dalmanites and most of the rest of the trilobites
found in the lower layers of the Waldron are absent in this bed (see
Table 3).Larger-sized Waldron taxa are rare or absent in this
horizon.Boucot (1979, personal communication) assigned this
fauna to a Benthic Assemblage 3 position.
In general, the ecologic conditions controlling the changing
distribution of the Waldron biota seem to be related to the conditions
of sedimentation.Halleck (1973) has shown that an influx of sedi-
ment at the beginning of Walsron deposition resulted in a significant
change in the relationship between various organisms and the sub-
strate.The major factor controlling distribution appears to haveTable 3.Composition of the trilobite fauna of the WaldronShale. Column 1:Bryozoan Beds of the Waldron Shale insoutheastern Indiana, percen- tages based on the original data used inTable 2.Column 2:Single layer near the top of the WaldronShale at Blue Ridgequarry at Waldron, Indiana. Column 3:Based on collections froma quarry at Newsom, Tennessee, near USNM 10C13628 from Table 2 (see Appendix I).Even though only a few specimensare present in the collection in Column 3,an examination of other collections from museums indicates that this is a representative collection.Species indicated by C, U, and R have beenidentified from those locations in museum collections and in field work,but are not present in the collectionsin Table 3.C=common, U = uncommon, R =rare, representing approximate unquantifiedrates of occurrence based on field observation.Total number of trilobite individualswas deter- mined by taking the number of themost common skeletal element (excludingthoracic segments), in the counted collections,as repre- senting the minimum number of individualsin each collection.
trilobite fauna. Percentages indicate the percent that eachspecies represents of the total
Trilobite
1 2 3
Calymene breviceps 62. 1% 8. 0% 29.0%
Dalmanites verruscosus 34. 8 47. 0
Dalmanites halli 30. 0
Otarion christyi C 77.0 C?
Arctinurus boltoni U 6.0
Cheirurus dilatatus
18. 0
Lichas breviceps U 15.0
Bumastus cf. armatus
Bumastus cf. ioxus
Illaenoides sp.
"Acidaspsis" fimbriata R 0. 4
Decoroproetus? sp.
Trimerus delphinocephalus
Total number of
trilobite individuals 66 264 1714
been location of a suitable substrate for larval attachment; this
included the few tabulate corals, many of which grew on erect crin-
oids, a position probably shared by some other taxa.Examination
of collections of Waldron fossils shows that many of the specimens
have epizoans, including corals, bryozoans, annelids, brachiopods,
crinoids, and snails. Some trilobite specimens and cephalopods are
covered with bryozoans; this may, however, have been a post-mortem
or, in the case of trilobites, post-molting phenomenon.This de-
pendence on hard substrate may be the reason for the concentration
of organisms around the bryozoan mounds. The decrease in the
numbers of fossils in the upper beds may be related to an increase
in the rate of sedimentation, as suggested by the near disappearance
of limestone beds.The absence or rarity of the typical Waldron
fauna in these upper beds may also be related to an increase in
turbulence that may have resulted in an unstable substrate to which
most of the organisms could not adapt. A major change in other
environmental factors is not likely since the fauna in the upper beds,
when it does appear, is composed of the same taxa that are present
in the lower, more fossiliferous layers.
Overall, the Waldron Shale appears to represent a low-energy
environment, suggested by the predominance of articulated brachio-
pods, occasionally articulated crinoids, and lack of high-energy
sedimentary structures.15
Ausich (1975) described a number of highly fossiliferous expo-
sures of Waldron Shale in the Clifty Creek area, nearHartsville,
Indiana, south of Waldron. He found the same generalsedimentologi-
cal and paleontological relationships as exhibited atthe Blue Ridge
quarry.The upper beds are poorly fossiliferous and most of the
typical Waldron fauna is confined to the lower limestoneand shale
beds which locally contain bryozoan mounds. Ausich notedthat some
of the mounds were constructed exclusively by either encrusting or
branching bryozoans. He also found that at one locality the contact
between the Waldron and the underlying Laurel was very irregular.
In shallow depressions in the irregular Laurel surfacehe found a
number of articulated, right-side-up specimens of Calymene
breviceps .This interesting occurrence may suggest some sort
of behavioral characteristic as opposed to chance taphonomic
happenings.
South of Indiana the Waldron Shale is a typical greenish-gray
shale, but is seldom fossiliferous except in the vicinity of Newsom,
Tennessee, where a typical Waldron fauna occurs similar to that
found in the lower limestone and shale layers in Indiana (see Table2).
The Waldron Shale exposures around Newsom have not been well
studied in recent years.The general lithology of the rock is similar
to that at Waldron except for being darker in color, as arethe fossils.
McKemie (1976) briefly described the general sedimentologic and16
paleoecologic characteristics of the Waldronnear Newsom, noting
that there is an upward decrease inechinoderm abundance and
diversity in the section there.Boucot (1979, personal communica-
tion) placed the fauna at Newsom in.the StriispiriferCommunity and
gave it a Benthic Assemblage 3: assignment in his proximityto
shoreline classification.Boucot also stated that there isa change
in Waldron community composition in centralTennessee resulting
in a Benthic Assemblage 4 assignment basedon abundant specimens
of Leangella tennesseensis found at Newsom,Swallow Bluff, New
Era, and Clifton, Tennessee,as reported by Foerste (1935%
While the overall faunal composition atNewsom is very simi-
lar to that of southeastern Indiana,a detailed examination shows
consistent minor differences inoccurrence of some of the taxa.
Cephalopods are very rare and poorly preservedin Indiana Waldron
localities, but at Newsom specimens of Dawsonocerasare not rare
and are well preserved.Also, the cystoid Caryocrinites is found
at Newsom, but is absent in Indiana.There are notable differences
in the trilobite fauna as well; Calymene andDalmanites are common
in both places, but Cheirurus dilatatusis common at Newsom but
very rare in Indiana.The opposite is true for Otarion whichap-
pears to be rare at Newsom, but common in Indiana.The only
other trilobites found at Newsomare Arctinurus boltoniBumastus
cf. armatus, and Illaenoidessp. (see Table 3).There are also17
some differences in the mode of preservationwherein articulated or
partially articulated specimens of Calymene are very rare at
Newsom as opposed to being fairly common insoutheastern Indiana.
Bryozoan mounds have not been reported fromNewsom, but other-
wise the overall pattern of sedimentation appearsto be similar to
that in Indiana.
The Waldron Shale has not received the sedimentologicand
paleoecologic study necessary for a good understandingof the envi-
ronmental controls on the biota.However, enough is known to sug-
gest that variation in faunal distribution andabundance is possibly
due to changes in the rate of sedimentation and nature ofthe sub-
strate.The differences between Indiana and Tennessee are not well
understood.
Rochester Shale
The. Rochester Shale is a richly fossiliferous unitexposed
along the Niagaran Escarpment from Hamilton,Ontario, to central
New York; it is also found in the central Appalachians tothe south.
This unit is Wenlockian in age (Berry and Boucot,1970), and is
characterized, in large part, by the Striispirifer Community,which
is assigned a Benthic Assemblage 3 position(Boucot, 1975, p. 22-24).18
The Rochester Shale fauna has been well known since James
Hall's work in the mid-nineteenth century (1843,1852), but has not
been thoroughly revised since that time.The trilobites from the
Rochester Shale were among the first trilobitesdescribed from
North America. They are often listed asthough they belong to a
single association, but this is misleading.Brett (1978) has made
a thorough study ofthe Rochester echinoderm fauna, inwhich he
included significant ecologic and communityinformation.
The Rochester Shale in New York andOntario displays both
vertical and lateral environmental variation.The unit has long been
known to exhibit a pronounced faunaldifference between its lower
and upper subunits (Ringueberg, 1882).Brett (1978) has examined
these variations in detail and the followingdescriptions are based
largely on his work.
The Irondequoit Limestone underlies theRochester Shale
throughout western New York and eastern Ontario.The petrology
of this unit was described by Freedenberg(1976), who noted that
the upper beds are a crinoidal biosparitewhich formed above wave-
base in a shallow-water, high-energyenvironment. Sedimentological
evidence for this type of depositional environmentis primarily repre-
sented by winnowing and sorting of the sediment, aswell as the
rounding and abrasion of crinoid debris.Brett (1978) added that
ctenostome bryozoan borings are found on allsides of shells and19
echinoderm plates, indicating a slow rate of deposition. He also
observed that almost all echinoderms and brachiopods were dis-
articulated and frequently broken and abraded, supporting Freeden-
berg's observations.Brett listed Atrypa, Whitfieldella, and Leptaena
as the main brachiopods in this unit.The top of the Irondequoit occa-
sionally contains small bryozoan mounds, some of which project up
into the overlying Rochester Shale.The only trilobites present
in the upper Irondequoit are found in these mounds; they include
abundant Bumastusioxus,common Kosovopeltis sp., and rare
Cheirurus sp. and Calymene sp.This is a typical carbonate buildup
trilobite association and will later be discussed in detail.
The contact between the Irondequoit and the overlying
Rochester Shale is gradational, with the lower three feet of the
Rochester containing some argillaceous limestone beds having a
bryozoan and brachiopod fauna similar to the Irondequoit (Brett,
1978).
Above this basal unit is the main lower subunit of the
Rochester as described by Brett (1978).The subunit consists pri-
marily of interbedded shales and limestones; these are known as
the Bryozoan Beds because of the abundance and dominance of
bryozoans.The Bryozoan Beds contain the Striispirifer Community
of Boucot (1975).Most of the typical fossils associated with the
Rochester Shale are limited to these beds with the exception of some20
of the trilobites.Brett (1978) described these Bryozoan Bedsas
displaying a significant lateral variation indicated byan eastward
thinning from a maximum development at Grimsby,Ontario. He
interpreted the depositional history of most of these bedsto have
involved long periods of low-energy, undisturbed, slowdeposition
(represented by limestone beds) which alloweda maximum diversity
and abundance of the biota to develop.The deposition of these
limestone beds was interrupted by short periods of rapiddeposi-
tion, occasionally accompanied by scouring andwave activity,
which killed off most of the biota.Tables 4 and 5 list faunal data
on a number of collections made by Brett in this portion of the
Rochester Shale.
All of the trilobites reported from the Rochester, withthe
possible exception of Deiphon, are found in these BryozoanBeds.
Deiphon has not been collected in either Brett'sor my work, but
it is present in some older collections; however, thisgenus is
probably from the Bryozoan Beds also.Bumastus and Calymene
are the most common trilobites found in the Bryozoan Beds, with
other trilobites occasionally beingcommon. Dalmanites limulurus
and Trimerus delphinocephalus are seldomcommon in the Bryozoan
Beds and occur locally in only a few specific horizons;they are,
however, typical of the upper barren shale subunit.Preservation
of the trilobites throughout the Rochester Shaleranges fromTable 4.Taxic percentages of the Striispirifer Community (BenthicAssemblage 3) from the Bryozoan Beds of the Lower Rochester Shale at
Middleport, New York, and from the Homocrinus Band at LockportGulf, New York (see Appendix I for locality details).Bryozoans
were abundant, but wereexcluded from this tabulation.Data from Brett (1978, Tables 17 and 18).
Layer I Layer III
Bryozoan Beds
Layer IVm Layer VIm Homocrinus Band
Corals 5.4 %/ 1. 5% 0. 6% 0. 9% 0. 3%
Brachiopods 89. 2 81. 8 87. 7 95. 0 86. 7
Molluscs - 4. 2 1. 6 0. 3
Echinoderms 9. 2 5. 8 1. 9 5. 8
Cornulites 3. 1 0. 1
Trilobites 5. 4 3. 3 1. 2 1. 9 7. 1
Total number of
individuals 130 336 486 319 675Table 5.Composition of the trilobite fauna of the Lower Rochester Shale.Columns 1-4 are from the Bryozoan Beds of the Lower Rochester
Shale at Middleport, New York, and Column 5 is from the Homocrinus Band at Lockport Gulf, New York.Data in Columns 1-5 are
from Brett ( 1978, Tables 17 and 18)(see Appendix I for locality details).Column 6 represents an additional collection made by the
author from the Bryozoan Beds of the Lower Rochester Shale at Middleport, New York.Rare Illaenoides sp. ,Cheirurus sp. ,and Deiphon
sp.are present in the Lower Rochester Shale, but are not present in these collections.
Layer I
Bryozoan Beds
Layer III Layer IVm Layer VIm Homocrinus Band Middleport
Arctinurus boltoni 42. 9% 10.4% 39. 1%
Bumastus cf. ioxus 14. 2 9. 1 33. 3 10. 4 21. 7
Calymene cf. niagarensis 42. 9 90. 9 100.0 50. 0 16. 6 30. 4
Dalmanites limulurus 16. 7 54. 1
Decoroproetus? sp. 4. 1 4. 3
Dicranopeltis sp. 4. 3
Trimerus delphinocephalus 4. 1
Total number of
individuals 7 11 6 6 48 2323
articulated individuals to more typical disarticulation and scattering
of skeletal elements. Calymene is commonly the only trilobite
found articulated.
Brett (1978) described the upper barren shale subunit as a
calcareous, platy, rather homogenous shale with few fossil layers
when compared with the underlying Bryozoan Beds. He found the
contact with the Bryozoan Beds to be sharp and representing a
complete faunal change.Striispirifer and Caryocrinites are absent,
along with most of the bryozoans and echinoderms present below.
The barren beds exhibit an upward increase in grain size and a
gradational contact with the overlying DeCew Dolomite (Brett, 1978).
Sedimentary structures indicate intermittent scouring and rapid
redeposition of silty sediment in a shallow-water environment. He
attributed the lack of fauna to high rates of sedimentation and agita-
tion of the bottom sediments, resuspending fine silts.In general,
the fauna of this upper subunit is very low in diversity when com-
pared with the Bryozoan Beds.The brachiopods Strophonella,
Coolinia, and Dalejina may cover some bedding planes, but are
generally uncommon. This subunit contains a few limestone lenses
made entirely of size-sorted tentaculitids, ostracods, and crinoidal
debris.The crinoids found in these upper shale beds do not have
cementing holdfasts.The trilobites are predominantly represented
by Dalmanites limulurus and Trimerus delphinocephalus, which are24
present in approximately equal numbers.Scattered articulated or
partially articulated specimens of thesetrilobites are found, as are
lenses of disarticulated specimens.
The overlying DeCew Dolomite is a dolomiticsiltstone deposit-
ed in a possible lagoonal restricted environment(Brett, 1978), which
may represent a BenthicAssemblage 1-2 position.The trilobites
Dalmanites limulurus and Trimerusdelphinocephalus are present,
but, in general, fossils are rare (Zenger,1965).
The overall vertical trend in the Rochester seemsto represent
a shallow-water,high-energy environment, which was rapidlyaltered
to a lower-energy environmentaccompanied by an influx of terrige-
nous clastic sediments.This phase is followed by a shallowing-
upward, low-energy sequence, accompaniedby a high rate of sedi-
mentation, ceasing at the onset of theDeCew.
The Rochester Shale grades into the HerkimerSandstone to
the east.The Herkimer appears to represent ashallower-water,
higher-energy, nearer-shore environment than theRochester. As
mentioned before, the Rochester Bryozoan Bedsdisappear towards
the east, as do the limestone beds, while theshale beds become
thicker.The Herkimer is subdivided into two members:the Jos lin
Hill Member on the west and the JordanvilleMember on the east.
The Jos lin Hill Member consists of quartzosedolomite, dolomitic
siltstone, and dolomitic sandstone on its easternedge, grading25
laterally into more shaley beds to the west.This member contains
ripple marks and cross-laminated beds(Zenger, 1971).The Jos lin
Hill was deposited above wavebase ina shallow-water, nearshore
environment (Zenger, 1971).Trimerus delphinocephalus, Dalmanites
limulurus, Calymene niagarensis, and Calymenesp. are the most
common trilobites, with Trimerus being themost wide-ranging.In
some beds the trace fossils Rusophycus andCruziana are also com-
mon (Osgood and Drennen, 1975).To the east, the Jordanville
Member of the Herkimer is unfossiliferousand represents a beach
deposit (Zenger, 1971).
The Rochester Shale in Pennsylvania,Maryland, and West
Virginia has a limited trilobitefauna compared with the Rochester
to the north in New York and Ontario.The trilobite fauna is com-
posed primarily of Dalmanites limulurus,Trimerus delphinocephalus,
Calymene spp., and rare Encrinurussp. (Swartz, 1923).Folk (1962)
found lithologic evidence that the Rochesterwas a lagoonal deposit
in a limited area of West Virginia, but inmost other areas of West
Virginia it is a normal marine deposit(Smosna, 1978, personal
communication).In any event, it is probable that the depositionof
the Rochester Shale in thisarea represents a shallow-water, low-
energy environment.The Rochester is, insome areas of West
Virginia, bounded on the east by the high-energyKeefer Sandstone,
containing a similar trilobite faunaconsisting of Dalmanites,26
Trimerus, and Calymene, and forming a high-energy barrier (Folk,
1962).The environmental characteristics of the Rochester Shale in
Pennsylvania, Maryland, and West Virginia bear closeresemblance
to that of the upper barren shale subunit of theRochester in New York
and Ontario.The higher-energy conditions present in thesesouthern
localities appear to have prohibited the developmentof the Bryozoan
Beds which required long periods of low-energy,undisturbed, slow
deposition.
Hopkinton Dolomite
The Hopkinton Dolomite is a Late Llandoverian to Early
Wenlockian platform carbonate found in eastern Iowa.Fossils in
the Hopkinton are generally preserved as internal andexternal molds
and the trilobites are almost always disarticulated.Several recent
studies (Philcox, 1970; Johnson, 1975, 1977; Witzke,1976) have
examined various features of this unit.
Philcox (1970) described the general characteristics of several
small bioherms in Jones and Clinton Counties, Iowa. Heconcluded
that large coral growths in the core acted as sediment trapsleading
to mound buildup; the cores are surrounded by dipping flankbeds
with abundant crinoidal debris, and fenestrate bryozoans areprolific
in the outer portions of the flanks.
Johnson (1975\ described the overall community composition27
and succession of the Hopkinton,which he related to changes inwater
depth.Johnson (1977) later expandedon these ideas, presenting
detailed faunal tabulations froma number of collections made
throughout the Hopkinton.
Witzke (1976) described thelithology and paleoecology of the
Hopkinton Dolomite ina study on pelmatozoans found in this unit.
Witzke stressed the importanceof examining the rocktexture in
thin-section for various communitiessince significant sedimentologic
and biologic informationmay otherwise be overlooked. He also used
Johnson's overall community modelin this study.
Johnson (1975, 1977) recognizedseveral communities in the
Hopkinton Dolomite (see Figure 1),three of which contain trilobites.
He stated that the change in thedistribution of these communities
through the reflected variationsin water depth.In the shallowest
environments he identifieda Coral Community, which he believed
reached effective wavebase.Johnson considered thiscommunity
equivalent to Ziegler's (1965) EocoeliaCommunity, which would,
then, occupy a BenthicAssemblage 2 position.Boucot (1979, per-
sonal communication) stated thatthis community occupiesa Benthic
Assemblage 3 position, however.Johnson's second community
containing trilobites is thePentamerid Community, dominatedby
pentamerid brachiopods, andequivalent to Ziegler's (1965)Pentamer-
us Community. Johnson considered thiscommunity to representa28
Figure 1.Figure 1 shows the relationships of Johnson's (1975)
stratigraphic units to community occurrence and his
suggested sea-level fluctuations in the Hopkinton
Dolomite of eastern Iowa.Modified from Johnson
(1977).C = Coral; S = Stricklandid; P = PentameridA
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below wavebase, deeper-water environmentthan the Coral Community.
The last community of Johnson's whichcontains trilobites is the deep-
water Stricklandid Community, which he statedwas equivalent to
Ziegler's (1965) Costistricklandia Community.Johnson stated that all
three of these communitieswere located within the photic zone, having
a maximum depth of about 100 meters, basedon the presence of the
calcareous green alga Cyclocrinites dactioloides.He also formulated
a pattern of sea-level fluctuation based on the succession ofthese
communities through a verticalsequence.
For this study collections were made froma number of locali-
ties, supplemented by data from Johnson's workand information
from all three of the aforementioned studies.This information was
used to determine if thereare any trilobite associations related to
the previously described communities andenvironments.
An examination of the shallow-water Coraland Pentamerid
Communities indicates a low abundance and diversityof trilobites,
which is supported by Johnson's counts forcollections from these
communities (see Table 6).The trilobite Stenopareia is generally
the only trilobite found in these communitiesalthough Calymene and
possibly Encrinurus may occur.
The deeper-water Stricklandid Communityhas a significantly
higher diversity of trilobites, whichare sometimes common in this
community, occasionally reachingover 14 percent of the total faunaTable 6.Trilobite composition of collections made in different stratigraphicsubdivisions of the Hopkinton Dolomite of Iowa.Data derived from
Johnson ( 1 977 ).
Communities
Present in
Subdivision
Stratigraphic
Subdivisions
Total
Number of
Collections
Number of
Collections
with
Trilobites
Percent
Collections
with
Trilobites
Percent
Trilobites
in each
Collection
Number of
Trilobite
Taxa
Stricklandid/
Coral Syringopora Beds 10 1 10. 0% 0. 1% 1
Pentamerid Pentamerus Beds 9 1 12. 0 0. 5 1
Stricklandid/
Pentamerid Cyclocrinites Beds 14 1 7. 0 0. 1 1
Coral/
Pentamerid Favosites Beds 7 0
Pentamerid/
Coral Bioherm Beds 3 1 33. 3 0. 3 1
Stricklandid/
Clorindid Cyrtia Beds 7 7 100. 0 4. 8 10
Pentamerid Pentameroides Beds 3 032
as indicated by Johnson's counts (see Tables 6 and 8).Stenopareia,
lichids, and scutelluids are the most frequently found trilobites.
The biotic composition of these communities appears to be
variable at different stratigraphic horizons. A prime example of
this is the Pentamerid Community.In most stratigraphic horizons
in the Hopkinton Dolomite the Pentamerid Community is usually low
in diversity, however, in the upper half of Johnson's Cyclocrinites
Beds (see Figure 1), the Pentamerid Community locally has a very
high diversity of most taxa, including pelmatozoans, cephalopods,
gastropods, trilobites, brachiopods, and corals.This association
of fossils in the Cyclocrinites Beds is very reminiscent of typical
reef communities found throughout the Silurian of the Midwestern
United States, but there is no evidence for any carbonate buildup
here.This association appears to represent a level-bottom complex
of communities developed in environmental conditions similar to
those found in reefs.
The Cyclocrinites Beds also demonstrate a basic problem in
determining the true diversity of low abundance taxa within specific
communities.In most community studies blocks of rock are broken
down and all identifiable fossils are saved and tabulated.Collections
of more than 100 specimens are usually adequate to accurately
determine the abundance of more common taxa and major biologic
groups.This method is sufficient for defining the overall33
characteristics of a particular community, but is inadequate for
determining diversity and abundance of some taxonomic groups.
Johnson's data for the Cyclocrinites Beds accurately indicate that
trilobites represent a very low percentage of the total biota, but his
data also suggest that trilobite diversity in the Cyclocrinites Beds
is also very low (Johnson recorded only Stenopareia) as in other
occurrences of the Pentamerid Community. Collections of the
Pentamerid Community made in the upper layers of the Cyclocrinites
Beds of some localities indicate that at least five trilobite genera are
present, three of which are not particularly rare (see Table 7).
Examination of other exposures of the Pentamerid Community sub-
stantiate the low diversity reported for this community by Johnson.
As trilobites are usually rare in most Silurian communities this
problem is probably inherent in most community studies.
A significant variation of the Stricklandid Community was ob-
served by Johnson (1975) in the lower layers of his Cyrtia Beds (see
Figure 1).Here, locally bryozoan-rich layers contain a high diver-
sity of brachiopods, bryozoans, and trilobites (see Table 8), whereas
the Stricklandid Community elsewhere does not display this high
diversity.The Cyrtia Beds constitute the only stratigraphic horizon
in the Hopkinton in which Johnson found trilobites in all of his collec-
tions (see Table 6).Johnson stated that these highly diverse lower
layers in the Cyrtia Beds were deposited in low inter-reef areasTable 7.Trilobite composition of the high diversity Pentamerid
Community of the Cyclocrinites Beds at the Lang quarry
(Johnson's locality 91, 1977), near Monticello, Iowa.
See Appendix I for locality details.
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Trilobite
Number of
Individuals
of Each
Percent of
Trilobite
Fauna
Stenopareia sp. 37 56. 1%
Arctinurus sp. 11 16.7
scutelluid 13 19. 7
Dicranopeltis sp. 2 3.0
Cheirurus sp. 3 4.5
Total number of
individuals 66Table 8.Trilobite composition of the Stricklandid Community of the Cyrtia Beds of the Hopkinton Dolomite of Iowa.All data from Johnson (1977 )
except Columns 2 and 9.John Creek II is from Johnson's locality 73. 1; Lux Quarry is the same as Johnson's locality 21 and both collections
are in my possession.All locality numbers at the heads of columns refer to Johnson's ( 1977) locality numbers.See Appendix I for locality
details.
Trilobite
John Creek I
73.1
John Creek
II 43. 1 43. 2 21. 1 21, 2 73. 2 77. 1 Lux Quarry
Stenopareia sp. 16. 6% 22.0% 25.0% 25. 0% 100% 80. 0% 100% 100% 43. 8%
illaenid 16. 6 9. 5 50.0
Dicranopeltis sp. 6. 6 15. 8 - - 7. 3
Encrinurus sp. A 6.6 6. 3 - 1. 6
Dicranopeltis? sp. 36. 6 19. 0 - 26. 0
cheirurid 4. 7 25.0 - - 4. 8
c aly me nid 6. 6 3. 1 12. 5 25.0 - 7. 3
scutelluid 7. 9 25.0 - - 3.2
Encrinurus sp. B 6. 6 7. 9 25.0 0. 8
Arct humus sp. 1. 5
lichid - 4.8
proetid 3. 3 1, 5
Youngia sp. 12. 5 - 20. 0 - -
Trilobites as percent
of total fauna 14. 5 7.2 4.0 3.4 1.5 7.0 1.3
Number of trilobite
individuals 30 63 4 1 5 1 2 9536
at the onset of a deepening phase of sea-level whichterminated reef
development of the Bioherm Beds (see Figure 1).
Johnson noted that the Bioherm Beds contain theCoral and
Pentamerid Communities. The buildupsin the Bioherm Beds them-
selves contain very few trilobites, but scatteredlarge specimens of
Arctinurus and scutelluidsare present in the core areas.The flank
beds are composed predominantly ofdisarticulated pelmatozoans;
however, layers of abundant, largefenestrate and branching bryozoans
are present also.These bryozoan layers containa highly diverse
trilobite association (see Table 9), thetrilobites of which are gener-
ally small in size.The morphologic characteristics of thesebryozo-
ans and trilobites indicate a low-energy depositionalenvironment.
These bryozoan layersare in some ways similar to the bryozoan
layers of the Cyrtia Beds, however,a comparison of Tables 8 and 9
present some differences in their composition.
At least two or three trilobiteassociations can be recognized
in the Hopkinton Dolomite. A moderatediversity association of
Stenopareia, Arctinurus, and scutelluidsis typical of the Pentamerid
Community in the Cyclocrinites Beds andpossibly in the reef cores
in the Bioherm Beds. A highly diversetrilobite association is found
in low-energy, bryozoan-rich flank bedsof reefs in the Bioherm
Beds, which is dominated by smalllichids, such as Dicranopeltis,
common scutelluids, Stenopareia, odontopleurids,and cheirurids.37
Table 9.Trilobite composition of bryozoan-rich flank beds of
the Bioherm Beds of the Hopkinton Dolomite of Iowa.
Monticello quarry (Jones Co., Iowa) is the same as
Johnson's (1977) locality 103, and Elwood quarry
(Clinton Co., Iowa) is the same as Johnson's (1977)
locality 82 (see Appendix I for locality details).These
collections are in the author's possession.
Trilobite
Monticello
Quarry
Elwood
Quarry
Stenopareia sp. 12.5% 4.8%
scutelluid 18.7 4.8
Arctinurus sp. 18.7 3.2
Dicranopeltis sp. 37.0 30.6
proetid 6.o 1.6
Ceratocephala sp. 6.0 9.6
Dudleyaspi: sp. 4.8
Cheirurus sp. 17.7
Deiphon sp. 8.0
Acidaspis sp. 6.4
Otarion? sp. 3.2
Calymene sp. 1.6
Total number of
individuals 16 6238
A third trilobite association is recognized in the lower Cyrtia Beds,
which is dominated by Stenopareia and other illaenids, small lichids,
and encrinurids; this association is very similar to the flank beds of
the Bioherm Beds, however, the presence of encrinurids in the
Cyrtia Beds is notable.Johnson (1977) assigned this part of the
Cyrtia Beds to the Stricklandid Community, indicating a Benthic
Assemblage 4 position.Boucot (1979, personal communication),
however, stated that the high-diversity community represented by
Johnson's (1977) 73.1 collection occupies a Benthic Assemblage 3-4
position.
Stonehouse Formation, Arisaig, Nova Scotia
The general stratigraphic and lithologic characteristics of the
Stonehouse Formation have been well described by Boucot et al.
(1974) as part of a general study of the Silurian rocks of the Arisaig
region of Nova Scotia, Canada. Watkins and Boucot (1975) have also
described the composition and succession of brachiopod communities
for the Silurian of the same area.This information and the collec-
tions assembled for the above studies provide a good foundation for
examining the trilobites associated with specific environments in
the Silurian of this region.Most of the trilobites collected are from
the Stonehouse Formation although a comparable number of collec-
tions and specimens are available from some other units.39
The Stonehouse Formation is a series of mudstones, shales,
and siltstones, exhibiting common shallow-water sedimentary struc-
tures, ranging in age from Pridolian to Early Devonian (Boucot et al.,
1974).The unit represents an upward- shallowing sequence, con-
formably grading into Early Devonian nonmarine beds (Boucot et al.,
1974).The brachiopods of the Stonehouse belong to the Quadrifarius-
Protochonetes Community, which is a nearshore, shallow-water,
low-diversity community found in beds with common scour structures,
cross-bedding, and coquinite beds (Watkins and Boucot, 1975).This
community is placed in a Benthic Assemblage 2 position with commu-
nities such as the Eocoelia Community of Ziegler (1965).
The trilobites of the Stonehouse are not common, being found
in only about one-third of the collections assembled, and make up
approximately three percent of the total number of individuals of all
taxa reported in each collection.The trilobite diversity is low when
compared with many offshore communities in other areas, but, sur-
prisingly, trilobites are much more common and slightly more
diverse than offshore, older Silurian communities described by
Watkins and Boucot (1975).Only two genera are commonly found
in most collections, representing 96 percent of the trilobite speci-
mens.The most common, Calymene, accounts for an average of
63 percent of all trilobites, followed by Scotiella, which accounts
for 33 percent of the total number of trilobite individuals.Another40
trilobite, Homalonotus, was found in only two of the collections.In
the larger of the two collections it accounts for 10 percent of the
trilobite fauna, but represents only three percent of all the trilobites
in all collections.The only other trilobite in these collections is a
single specimen of a phacopid. Mc Learn (124) described the Stone-
house Formation trilobites and indicated no additional genera although
he did record two species of Homalonotus.Table 10 shows several
important features of the Stonehouse Formation collections.The
trilobites in the Stonehouse collections are all disarticulated and the
skeletal elements are scattered. Calymene is represented by nearly
equal numbers of cranidia and pygidia and a few hypostomes.
Scotiella is also represented by nearly equal numbers of cranidia
and pygidia and a few cephala.Homalonotus is represented by
pygidia only.
Watkins and Boucot (1975) have described community replace-
ment and evolution of the brachiopods in the Silurian rocks of the
Arisaig region.There is no evidence, however, for trilobite commu-
nity evolution or replacement in the same collections.This is prob-
ably due to the rarity of trilobites in rock units older than the
Stonehouse; only four of the sixteen collections from the underlying
Ludlovian Moydart Formation contained trilobites.In these Moydart
collections there are only ten trilobites, which represent only one
to four percent of all taxa present.All specimens are of CalymeneTable 10.Composition of the trilobite fauna of the Quadrifarius-Protochonetes Community (Benthic Assemblage 2) of the Stonehouse Formation of
the Arisaig region of Nova Scotia, Canada. Numbers above the columns refer to the U. S. National Museum (USNM) localities (see
Appendix I for locality details).
102061020310835101851018910205101841018710910101921019110188
Average % trilobites
in all collections
Calymene sp. 50.0%100.0% - 97.0%42.0%52.0%100.0%66.0%57.0%4. 0%93. 0%100. 0% 63. 0%
Scotiella sp. 50. 0 - 75. 0 3. 0 57. 048.0 - 33. 0 30. 096.0 7. 0 33. 1
homalonotid - - 25. 0 - - - - 10.0 3. 2
phacopid - - - - - < 1.0 < 1.0
Percent
trilobites of
all taxa 4. 0< 1.0 2. 0 2. 0 4. 014.0< 1.0< 1. 0 2.0 4.0 8.0< 1.0 3.7
Total number
of trilobite
individuals 22 1 4 4 7 42 3 3 39 26 29 142
except for one possible Scotiella.In the Upper Wenlockian Doctors
Brook Formation only one collection of fifteen contains any trilobites.
Only three specimens of Calymene and one Scotiella are present,
constituting much less than one percent of this one collection which
contains over 4000 brachiopods.The Doctors Brook contains the
Salopina submedia-"Camarotoechia" aff. planorugosa Community
which is found in similar nearshore environmental conditions as the
Quadrifarius-Protochonetes Community. The change represented
by these different communities may be evolutionary (Watkins and
Boucot, 1975) or partly environmental.Only one in 43 collections
of the Lower Wenlockian French River Formation contains any
trilobites.This unit contains the Isorthis mcadamensis, Meristina,
and Plagiorhyncha cf. plastica Communities which represent offshore,
possibly Benthic Assemblage 3-4, environmental conditions (Watkins
and Boucot, 1975).The low number of trilobites in this unit is un-
usual since these communities generally have a higher diversity
than nearshore communities.
Mc Learn's (1924) work indicates that Dalmanitina weaveria is
the only other trilobite genus from the Arisaig region Silurian, but
he does list different species for different units. He also indicated
that Calymene ranges through the Silurian in this area and Homalonotus
ranges from the Wenlockian French River Formation through the
Pridolian part of the Stonehouse.Scotiella first appears in the43
Ludlovian Moydart Formation, while Dalmanitina weaveri is found
only in the upper member of the Upper Llandoverian Ross Brook
Formation; this may suggest that Scotiella has functionally replaced
Dalmanitina weaveri in the Late Ludlovian Moydart, however, more
information is needed since large collections are not presently
available from these units.
Silurian Level-Bottom Carbonate Trilobite Associations
of Wisconsin and Illinois
Introduction
The Silurian rocks of the Great Lakes area in the Midwestern
United States are predominantly composed of carbonates and repre-
sent a wide variety of environments.In general, the area was a
broad, shallow epicontinental sea during the Silurian, having only
minor variations in topography, with the exception of several deep-
water basins.In Late Wenlockian and Ludlovian time reefs became
locally common, particularly along the shelf-basin margins, form-
ing more complex environments.The distribution and composition
of these reefs will be discussed in the section on the Racine Dolomite.
Many of the level-bottom carbonates deposited in this area dur-
ing the Silurian are either poorly fossiliferous or have a low diversity,
so trilobies are lacking in many of these environments.The lack of a
distinct nearshore-to-offshore gradient in many parts of this region44
makes environmental determination of identifiable communities diffi-
cult.There are, however, a few distinctive trilobite associations
which can be recognized. Some of the most distinctive associations
are those found in reef environments.An association dominated by
illaenids, scutelluids, and lichids is prominent in the core areaof
many reefs and carbonate buildups.The highly crinoidal reef flank
environments contain a somewhat different trilobite associationof
which Sphaerexochus, Calymene, and Dalmanites are characteristic.
These trilobite associations from reef environments will be de-
scribed in more detail in a later section.
No homalonotid-acastomorph type of association has beenfound
in carbonates of Wisconsin and Illinois although the carbonateequiva-
lent of the environment (Benthic Assemblage 1-2) in which this
association commonly occurs appears to be present in this area.
High-energy, level-bottom, shallow-water penatmerid and
coral communities (approximately Benthic Assemblage 3 of Boucot's,
1975, classification) found in the Manistique Formation (Llandoverian)
in northern Wisconsin are characterized by a high abundance, but
low diversity of organisms.Trilobites are rare, but a few speci-
mens of the illaenid Stenopareia and scutelluids areoccasionally
found.The occurrence of Stenopaeria in these communities con-
trasts with the occurrence of Encrinurus in the same types of com-
munities in the Manistique Formation of northern Michigan and the45
Fossil Hill Formation of Ontario, both to the east.The rarity of
trilobites in these communities and, therefore, the small sample
size makes these observations tentative, however.
The Flexicalymene celebra Association
One of the most notable trilobite associations from the Silurian
of this area is the Flexicalymene celebra association.This trilobite
association occurs in Dicoelosia communities; Boucot (1975) assigned
the Dicoelosia Community to a Benthic Assemblage 4-5 position.
This community is commonly found in level-bottom beds which are
laterally equivalent to well-developed reefs in Milwaukee County,
Wisconsin (see Hartung quarry, Zimmerman quarry, Story quarry,
Manegold quarry descriptions in Appendix II).These beds occur
within the Racine Dolomite and are Late Wenlockian in age (Boucot,
1970, personal communication).This community occurs in fine-
grained, well-bedded dolomite lacking high-energy sedimentary
structures.
This community has the highest diversity of any level-bottom
community in this area.Most of the fossils are localized in zones,
varying from a few inches to over one foot thick, which do not appear
to have been concentrated by storm or current activities.These
fossil zones are widely spaced and appear to be laterally discontinu-
ous when examined over a large area.The non-trilobite fauna is46
dominated by a large variety of small brachiopods (see Table 11),
with lesser numbers of small rugose corals, fenestrate bryozoans,
and gastropods.Orthoconic cephalopods up to several feet in length
are scattered throughout the entiresection.Scattered fine, dis-
articulated pelmatozoan debris (mostly piscocrinids) is fairly common
in these fossiliferous zones.Horizontal trails and burrows are
common to some bedding planes, but verticalburrows are infrequent.
Many of the brachiopods are disarticulated, but none appear to be
abraded or broken.Overall, the lack of attached organisms, such
as tabulate corals and encrusting bryozoans,is conspicuous, as is
the high diversity of the trilobite and brachiopod faunas.The sedi-
mentologic and taphonomic evidence of these beds suggests a low-
energy environment with a low rate ofsedimentation and probably a
soft substrate.
The trilobite association in this community is numerically
dominated by articulated specimens of Flexicalymene celebra.Tens
of thousands of complete specimens of this trilobite have been collect-
ed in Wisconsin and Illinois in the past hundred years and specimens
can be seen in museums throughout the world.The only other
trilobites that are occasionally found in at least a partially articu-
lated state in these beds are "Cheirurus" hydei and Cheirurus cf.
niagarensis.Dalmanites and Encrinurus are the most commonly
found trilobites after Flexicalymene.See Table 12 for trilobite47
Table 11.Composition of the brachiopod fauna of the Flexicalymene celebra association in a
Dicoelosia Community (Benthic Assemblage 4-5) from the Hartung quarry (USNM
locs. 11167 and 11168) and from glacial erratics in the vicinity of this quarry (USNM
locs. 12531 and 17827), Milwaukee County, Wisconsin.See Appendix II for locality
details
11167 11168 12531 17827
Sieberella sp. 42. 7% 50. 8% 59. 5% 61. 5%
Resserella sp. 17. 1 6. 6 5. 4 11. 3
Leangella sp. 19. 4 6. 6 8. 1 3. 7
Dicoelosia sp. 6. 6 - 4. 3
Atrypa "reticularis" 1. 4 11.5 5.4 6. 1
Cyrtia sp. 2. 8 1. 6 2. 7 4. 9
Isorthis sp. 3. 3 1. 6
Atrypina? sp. 2. 4 5. 4 -
rhynchonellid 1 4 1. 8
Meristina sp. 0.5 1. 6 5. 4 1. 5
Platystrophia sp. 0. 9 3. 2 2. 7 0. 6
Leptaena "rhomboidalis" 0.5 1. 6 0. 3
Plectodonta sp. 0. 9
Dolerorthis sp. 3. 2 -
Eospirifer sp. 4. 9 5. 4 -
Coolinia? sp. 1. 6
Protomegastrophia sp. 4. 9
Amphistrophia sp. 1. 5
Anastrophi a? sp. 0. 6
orthotetacid 0. 6
Craniops sp. 0. 3
orbiculoid 0. 3
Merista sp. 0. 6
Number of specimens
in each collection 211 61 37 327Table 12.
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Composition of the trilobite fauna of the Flexicalymene celebra association in a
Dicoelosia Community (Benthic Assemblage 4-5) from the Hartung quarry, Milwaukee
County, Wisconsin.See Appendix II for locality details.Column 1: USNM loc. 11167
collection; Column 2: USNM loc. 11168 collection; Column 3:collection from the
highest trilobite layer made by the author.
Collection
USNM USNM from the highest
11167 11168 trilobite layer
Flexicalymene celebra 76. 9% 46. 2% 83. 0%
Dalmanites platycaudatus - 15. 4 4. 3
Encrinurus egani 15. 4 15. 4 2. 1
Bumastus cf. cuniculus 7. 7
"Cheirurus" hydei 7. 7 7. 7 10. 6
Sphaerexochus romingeri 7. 7
Percent trilobites of
all taxa in collection 5. 7 17.3
Total number of
trilobite individuals 13 13 4749
composition of this association.
Weller's (1907) taxonomic description of the trilobites inthe
Chicago area indicate that a similar trilobite associationis present
in the vicinity of Lemont, Illinois.This association is found in beds
occupying approximately the same stratigraphic positionand age as
those in Milwaukee County, however, Willman (1973)placed these
beds in the Sugar Run Formation. Lowenstam (1948)described
some of the taphonomic aspects ofthis association in the Lemont
area and his descriptionsindicate that the overall environmental
characteristics of these beds seem to resemble those inWisconsin.
Unfortunately, these exposures are no longer accessible and no
exact data are available on trilobite speciesabundance.Examina-
tion of museum collections, however, indicatesthat Flexicalymene
celebra is the most common trilobite andthat the other trilobite
taxa occur in approximately the same numbers asthose in Wisconsin
(see Table 13 for details).Two notable exceptions are the rarity of
"Cheirurus" hydei and the more common occurrence ofTrochurus
welleri in the Lemont collections; Trochurus welleri isextremely
rare in Wisconsin.Little is known about the associated brachiopod
fauna at Lemont locality, but it seems to resemble that in Wisconsin
although brachiopods are not as common.
At the Lehigh quarry west of Kankakee, Illinois, a similar
trilobite association dominated by Flexicalymene celebra isfound50
Table 13.Comparison of the trilobite composition of the Flexicalymene celebra association in
Milwaukee County, Wisconsin, with that in Lemont and Grafton, Illinois.A, C, U,
and R is a system of nonquantitative ranking of trilobite occurrence within the
trilobite fauna based on field observations and examination of museum collections
over the past 15 years. A = abundant, C = common, U = uncommon, R = rare.
Abundant indicates that the taxon is predominant among the trilobites, but has no
implications of abundance in the entire biota. Common taxa are almost always
found in the trilobite fauna. Uncommon taxa are those usually found after diligent
search.Rare taxa are those represented by only a few specimens in all collections
assembled over a one hundred year period.
Trilobite Milwaukee Co. Lemont Grafton
Acidaspis sp. R -
Arctinurus sp. - R
Bumastus cf. cuniculus R R
Bumastus danielsoni U U C
Bumastus graftonensis - - U
Bumastus n. sp. R R -
Ceratocephala cf. goniata R R R
"Cheirurus" hydei C R C
Cheirurus cf. niagarensis U R U
Dalmanites illinoisensis U U R
Dalmanites platycaudatus C C C
"Dalmanitina" arkansana - R -
Deiphon americanus R R R
Dicranopeltis decipiens R R -
Encrinurus egani C C C
Encrinurus sp. C C C
Eophacops handwerki U U U
Flexicalymene celebra A A A
He miarges sp. - - R
Illaenoides triloba R R R
Leonaspis sp. R -
Otarion sp. R R
Proetus handwerki U R U
scutelluid - R
Sphaerexochus cf. romingeri C C C
Staurocephalus obsoleta R R R
Trochurus welleri R U R51
near the base of the quarry. Willman (1973) assigned these beds
to the Joliet Formation. Fossils are uncommon and lithologically
the rock is similar to Lemont, but appears to be slightly more por-
ous. A few small brachiopods, rugose corals, and scattered
pelmatozoan debris are the only fossils present besides trilobites.
Approximately 50 specimens of Flexicalymene celebra, usually
articulated, were found, along with four Dalmanites cephala, one
Deiphon cranidium, and two Bumastus cf. graftonensis cranidia.
The upper few feet of rock in the Lehigh quarry are locally
fossiliferous with some highly fossiliferous lenses occasionally
present. Willman (1973 ) assigned these beds to the Racine Dolomite.
Trilobites and small brachiopods are common, with lesser numbers
of fenestrate bryozoans, rugose corals, gastropods, bivalves, and
cephalopods.Fine pelmatozoan debris is scattered throughout these
layers.The brachiopod fauna is dominated by Leangella, indicating
a Benthic Assemblage 4 position, and is similar to the brachiopod
community in which the Flexicalymene celebra association is found.
The trilobite fauna in these beds is somewhat different than in the
Flexicalymene celebra association, however.Dalmanites verruscosus
is the dominant trilobite, with lesser numbers of Cheirurus cf.
niagarensis, Calymene cf. breviceps, Otarion sp., Bumastus cf.
armatus, and other trilobites (see Table 14).Overall, this trilobite
association is more closely related to that found in the Waldron Shale52
Table 14.Composition of the trilobitefauna in a Dicoelosia
Community in the RacineDolomite at Lehigh, Illinois.
Compare with Tables 3 and13.
Percent of
trilobite fauna
Dalmanites verrucosus 28. 9%
Calymene cf. breviceps 15.6
Cheirurus cf. niagarensis 11.1
Bumastus cf. armatus 11.1
Illaenoides sp. 7. 8
Ceratocephala sp. 4.4
Dudleyaspis sp. 2.2
Otarion sp. 14.4
Dicarnopeltis sp. 2.2
Decoroproetus sp. 1.1
Arctinurus boltoni 3.3
Total number of
individuals 9053
at Newsom, Tennessee, andWaldron, Indiana, than to the
Flexicalymene celebra association.The brachiopod communities
of the Waldron Shale at theselocalities, however,are a Benthic
Assemblage 3 StriispiriferCommunity.This may suggest that
trilobites are not affected inthe same way as brachiopodsby envi-
ronmental factors. An obviousdifference to be consideredin com-
paring the disparity between thebrachiopod communities and the
trilobite associations at thesedifferent localities is that theWaldron
localities are in shales interbeddedwith limestones and the Lehigh
locality and the variousoccurrences of the Flexicalymene celebra
association are in carbonates. AtLehigh well-developed crinoid
root systems, like those in theWaldron Shale, are occasionally
present some of whichappear to have initially developedon trilobite
molts.
Approximately 200 milessouthwest of Lehigh, at Grafton,
Illinois, there is anotheroccurrence of the Flexicalymene celebra
association. At this locality thetrilobite association is likethat at
Lemont and is placed in theJoliet Formation by Willmanand
Atherton (in Willmanet al., 1975).The brachiopod faunais a
typical Dicoelosia Communityalthough the brachiopodspecimens
are not as abundant as in the Milwaukeearea.
A few differencesare notable in the composition of thetrilobite
fauna between Grafton andLemont (see Table 13).Bumastids and54
cheirurids are more common at Grafton than at Lemont. A number
of specimens of scutelluids have been found along with a single
specimen of Hemiarges? at Grafton.Neither of these two taxa have
been found in the Flexicalymene celebra association at Lemont or in
the Milwaukee area, and this is the only occurrence of Hemiarges?
in the Silurian of the central United States.
Silurian Level-Bottom Communities
of the British Isles
Introduction
A great deal of work has been done on Silurian level-bottom
brachiopod-dominated communities in the British Isles, particularly
in Wales and the Welsh Borderland, since Ziegler's (1965 initial
work.Information is available on community composition for the
Llandoverian, Wenlockian, and Ludlovian environments from this
area.
The paleogeographic patterns in Wales and the Welsh Borderland
remained somewhat similar throughout this time interval (see Ziegler,
1970).In general, northern and central Wales were characterized
by offshore basinal environments. To the south and east were
emergent areas separated from the basin by shelf deposits which
varied in width. A number of transgressions and regressions during
the Silurian changed the position and extent of the shelf environment55
(Ziegler, 1970).The sediments deposited in this area throughout
the Silurian were primarily terrigenous clastics, with coarse-grained
sediments deposited nearshore and finer-grained sediments deposited
offshore.However, during the Late Wenlockian, carbonate deposition
was widespread throughout the shelf area.The presence of similar
environments throughout most of the Silurian in this area presents
a good opportunity to examine the changes in distribution and composi-
tion of various trilobite associations through a long time interval.
Llandoverian Trilobite Associations
Ziegler's (1965) work on Llandoverian communities has been
previously mentioned (see Table 1).Bridges (1975' made a detailed
study of the depositional features of the Llandoverian in the same
general vicinity as Ziegler's study.Bridges found that Ziegler's
Lingula Community is generally found in restricted marine sand-
stones.In open marine sandstones rocoelia, Pentamerus, or
Stricklandia Communities may occur.Mudstones contain either
Pentamerus, Stricklandia, or Clorinda Communities; the Clorinda
Community may also be found in calcarenites.
A number of collections made by Ziegler during his later com-
munity work have been examined and the trilobite data are presented
in Table 15.Benthic assemblage determinations of these collections
were made by A. J. Boucot (1979, personal communication).Table 15.Trilobite composition of various benthic assemblages (B. A. ) of the Llandovery of the British Isles based on representative collections.
Numbers at heads of the columns refer to U. S. National Museum localities.All collections are from Wales and the Welsh Borderland
except for USNM loc. 10267, which is from Ireland, and USNM loc. 10519, which is from Scotland.
B. A. 2 B. A.2-3 B. A.3
10247 10217 10219 1024510267 10223 10221 10265 10507 10243
Dalmanites sp. 70.0/ 58. 0% 25. 0%18.0/ 75. 0% 50. 0%
proetid 20. 0 - 18.0 -
Encrinurus sp. 10.0 42. 0 50. 0 59. 0 50. 0 - 50. 0 100. 0 100. 0
Calymene sp. - 25.0 - 25. 0
scutelluid - - - 16.0 -
Stenopareia sp. - - - 6.0 - -
phacopid - - 33. 3
Cheirurus sp. 100. 0
Percent trilobites
in total fauna 2. 2 1. 6 1. 2 3. 0 6.8 0.6 1. 0 0. 3 0. 4 0. 3
Number of trilobite
individuals 10 36 4 17 6 4 4 1 1 1Table 15.(Continued)
B. A. 4 B. A. 4-5
Trilobite 10262105191022610220104591021510253 10270102571021810232
Dalmanites sp. 83.0%40.0%25.0%100.0%
proetids 15.0 41. 0 50. 0
encrinurids 45. 0 43. 0 66. 660.0 75. 0 16. 6 100. 0 33. 0 42. 8100. 0
Calymene sp. 35.025.0 16. 6 57. 0
Otarion sp. 5. 0 -
Stenopareia sp. 8.0 8.0
scutelluid 4.2 4. 1
phacopid 4. 2 4. 1 33. 0
Cheirurus sp. 4. 1
odontopleurid 6. 2 33.0
Leonaspis sp. 16. 6
Percent trilobites
of total fauna 2. 2 2.2 6.0 1. 4 2. 1 0.2 0. 8 1. 6 0. 6 0. 9 0. 2
Number of trilobite
individuals 20 16 24 5 15 1 6 3 3 7 1Table 15.(Continued)
B. A. 5
10260 10272 10259
Dalmanites sp.
_ - proetids
encrinurids
Calymene sp. 83. 0 - -
Otarion sp.
Stenopareia sp. - _
scutelluid
phacopid
_ -
Cheirurus sp. 50. 0
odontopleurid 100.0 50. 0
Le onaspis sp. 16. 6
Percent trilobites
of total fauna 0.8 6.6 0.5
Number of trilobite
individuals 6 1 259
No trilobites have been found in the Lingula Community in
any of the collections assembled by Ziegler or Boucot.
In the Benthic Assemblage 2 communities, Dalmanites is the
dominant trilobite, with Encrinurus occasionally being common.
However, only a few collections from this benthic assemblage were
available fro study and more are needed for more accurate data.No
homalonotids have been found in these collections; this is in sharp
contrast with Benthic Assemblage 2 communities in later time inter-
vals.Homalonotids (Brongniartella, Lower Llandovery; Trimerus,
Upper Llandovery) have been found in the Llandovery of Wales,
however (Thomas, 1977).
In Benthic Assemblage 2-3 encrinurids are consistently the
most numerous trilobite, with Dalmanites also being common.
Calymene, proetids, Stenopareia, scutelluids, phacopids, and
cheirurids are also found, but are generally rare.
In Benthic Assemblage 3 communities trilobites are poorly
represented in available collections.Of three collections, each
contain a single specimen of Encrinurus and one contains a single
specimen of Cheirurus. This is similar to other low-diversity
Pentamerus Community occurrences where rare specimens of
Encrinurus are usually the only trilobites found. However, high-
diversity Benthic Assemblage 3 communities from other areas and
time intervals commonly have a higher diversity of trilobites whencompared to Benthic Assemblage 2communities.
Collections from Benthic Assemblage 4communities have the
highest diversity of Llandoveriantrilobites from thisarea.
Encrinurus is again the dominanttrilobite; Dalmanites and Calymene
are also fairly common. Proetids, Otarion,Stenopareia, scu-
telluids, phacopids, cheirurids andodontopleurids are presnt, but
uncommon.
Few collections are present fromBenthic Assemblage 4-5
communities, but Enc rinuru s appears to still be the dominant
trilobite.No specimens of Dalmanitesare present in these collec-
tions.Temple (1970) listed a high-diversitytrilobite fauna from
a Dicoelosia Community (Benthic Assemblage4-5) in which Encrinurus
cf. mullochensis is the dominanttrilobite.Diacalymene and
Stenopareia are next most abundantin his collections.
Benthic Assemblage 5 communitiesappear to have a low
trilobite diversity, however,since only a small number of collec-
tions, containing onlya few trilobites, from Benthic Assemblage5
are available, the true diversity in thesecommunities is not well
known. Odontopleuridsappear to be more common than in other
benthic assemblages.
Wenlockian Trilobite Associations
Dingle, Ireland.Watkins (1978) described thelevel-bottom61
communities found in Wenlockian terrigenous clastics near Dingle,
Ireland.He recognized a depositional gradient from offshore silts
to nearshore silts and sands.Watkins identified three different
brachiopod-dominated associations along this gradient (Table 16).
In the offshorelow-energy, calcareous, bioturbated siltstone
Watkins identified a Dolerorthis rustica association. He stated
that this association is equivalent to Benthic Assemblage 3-4 and
similar to Hurst's (1975) Isorthis clivosa community from the
Wen lock Limestone of the Welsh Borderland.This association has
the highest overall diversity, including trilobites, of Watkins'
associations.Enc rinu rids are the most common trilobites followed
by proetids and Hemiarges?
In nearshore, storm-influenced siltstones and sandstones
Watkins identified the Sphaerirhynchia wilsoni association, which
he assigned to a Benthic Assemblage 2-3 position.Dalmanites is
the most common trilobite with some proetids and calymenids also
present.
Watkins also identified a Holcospirifer bigugosus association
in the same type of sediments as the Sphaerirhynchia wilsoni
association, however, he assigned it to a Benthic Assemblage 2
position. A calymenid was the only trilobite found.
Wales and the Welsh Borderland. Wenlockian communities
have been described by Calef and Hancock (1974, terrigenous clasticTable 16.Trilobite composition of Wenlockian',communities', from various benthicassemblages ( B. A. ) from Dingle, Ireland.Data derived from Watkins (1978), andthe numbers at the head of the columnsrefer to his collections.
Holcospirifer bigugosus association ( B. A. 2)
D7236
calymenid 100. 0%
Number of
trilobite
individuals 1
Sphaerirhynchia wilsoni association (B. A. 2-3)
D7238
Dalmanites sp. 100. 0%
proetid
c alymenid
D7239
100.0%
D7237
100.0%
D7220
100.0%
Number of
trilobite
individuals 1 1 4 2
Dolerorthis rustica association (B. A. 3-4)
D7233 D7229 D7228 D7230 lichid 33.3% - 12.5% 33.3% encrinurid 33.3 37.5 25.0 33.3 proetid 16.7 62.5 62.5 33.3 odontopleurid 16.7 -
Number of
trilobite
individuals 6 8 8 363
communities) and Hurst (1975, carbonatecommunities).
Calef and Hancock (1974) describedfive major benthic,
brachiopod-dominated communities(which are generally equiva-
lent to Ziegler's, 1965, communities)along a depth gradient.Un-
fortunately, they presentedno trilobite data.
Hurst (1975) recognized fourbrachiopod-dominated commu-
nities in the Wenlockian carbonates.He identified a nearshore,
shallow-water Sphaeirhynchiawilsoni community. Hurst believed
that the major environmentalfactor controlling this communitywas
the rate of sedimentation (relatedto degree of turbulence); he also
considered the nature of thesubstrate to be significant.Proetids
are the most common trilobite in thiscommunity, but account for
an average of only 0.1 percent of the totalfauna. Cheirurids and
odontopleurids are also present, butrare.
In offshore, deeper-waterenvironments Hurst identified
Isorthis clivosa and Eoplectodontaduvalii communities, which he
suggested are faunally similarto Ziegler's (1965) Stricklandia and
Clorinda Communities, respectively.Boucot (1979, personal
communication), however, placed theIsorthis clivosa community
in a Benthic Assemblage 3position as opposed to a Stricklandia
Community Benthic Assemblage4 position.In the Isorthis clivosa
community Hurst reported that eachtrilobite taxon comprised 0.1
percent or less of the total fauna.Dalmanites and Encrinurusare64
equally common; the only other trilobites he recorded are rarer
specimens of undetermined odontopleurids.
In the Eoplectodonta duvalii community trilobites again repre-
sent only 0.1 percent of the total fauna, with Encrinurus the only
genus reported.Hurst stated that the Woolhope Limestone contains
the Eoplectodonta duvalii community in the Malvern Hills area of
England.The Woolhope contains the trilobites Bumastus barrensis,
Homalonotus sp., and Dalmanites sp. (Penn, 1971, personal com-
munication).At Walsall, the Woolhope Limestone contains the
trilobite Bumastus barrensis along with the brachiopods Dicoelosia
and Leangella (Bassett, 1974) which would indicate a Benthic
Assemblage 4 community.The occurrence of Homalonotus in a
carbonate unit and in an offshore, low-energy community is unusual.
In the Wenlockian reefs of this area tribolites are poorly repre-
sented even though the reefs have been well studied in recent years
(see Scoffin, 1971; Abbott, 1976; Penn, 1973).Bumastus and
Illaenus, however, have been found in some of the Wenlockian
bioherms in the Malvern area (Penn, 1971, personal communica-
tion).
Hurst also identified a Visbyella trewerna community, which
he interpreted as representing deeper water than previous communi-
ties, but no non-brachiopod taxa from this community were men-
tioned.65
The data from Hurst (1975) are supplemented by two additional
collections.Watkins and Hurst (1977) listed Calymene and Dalmanites
as being rare members of the Dudley crinoid assemblage.They
stated that the brachiopods from this assemblage appear to belong to
the Sphaerirhynchia wilsoni community. An additional collection
(USNM loc. 10222) made by Ziegler from possible Wenlockian terri-
genous elastic sediments of the Tortworth Inlier contains a trilobite
fauna dominated by Dalmanites and a few Calymene.Boucot (1979,
personal communication) assigned this collection to a Benthic
Assemblage 3 position.
Thomas (in press) described five trilobite associations in the
Wen lock of Wales, the Welsh Borderland, and the English Midlands
(Figure 21.He reported that the distribution of the associations was
related to lithofacies and position of the paleoslope (from an onshore
to offshore position).Thomas considered the trilobite distribution
to be more closely related to lithofacies than to depth.
In shallow-water sandstones Thomas (in press) recognized an
Acaste/Trimerus association found with infaunal bivalves, tentaculi-
tids, brachiopods, and gastropods.In finer-grained sandstones
transitional to the adjacent shale belt, Calymene becomes common,
whereas Trimerus becomes rare.Thomas noted that bivalves also
become rare in these beds while brachiopods become more common.
Thomas' next association is the Proetus/Warburgella66
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Figure 2.Trilobite distribution in the Wenlockian of the
British Isles related to lithofacies, trilobite
associations, and position on the paleoslope
(onshore to offshore.Modified from Thomas
(In press, Figure 21.This figure indicates the
range but not the abundance of trilobite taxa.67
association, where those twogenera are numerically dominant in
shelf limestone lithofacies.Illaenomorphs are alsocommon.This
association is found in the BarrLimestone, Woolshope Limestone,
and Much Wen lock Limestone,usually in beds of impure nodular
micrite or in sparry beds.The Proetus/Warburgellaassociation
has the highest diversity ofany of Thomas° associations.Transi-
tional faunas between thisassociation and the Dalmanites/Raphiophorus
association of the shale belt existin some areas.
The Dalmanites/Raphiophorusassociation is found in silty
mudstones of the shale belt.Dalmanites is numerically dominant
although Decoroproetusmay also be common. Radiophorus and
nodulosa -type calymenidsare also present.
Thomas defined the Radneria/Cornuproetusassociation as
occurring in a sparry algal limestonewhich is located primarily in
two isolated occurrences within theshale belt.This lithofacies
developed on Precambrian highareas which appear to be located in
a shelf margin position in relation to thebasin to the west.The
association contains common scutelluidsand illaenomorphs besides
Radnoria and Cornuproetus.
The Delops/Miraspisassociation is the final associationrecog-
nized by Thomas.This associationoccurs in graptolitic shale beds.
Trilobites are uncommon in thisassociation, but Aulacopleura,
Struveria, Delops, Miraspis,Decoroproetus, and other trilobites68
have been found.Faunas transitional with the Dalmanites/
Raphiophorus association are known.
Ludlovian Trilobite Associations
The overall paleogeographic setting of the WelshBorderland
and Wales in the Ludlovian is similar to that found in theearlier
Silurian.The sediments are predominantly terrigenous clastics
with only minor development of carbonates in contrast tothe Upper
Wenlock.
Calef and Hancock (1974) described a number ofdepth-related
Ludlow benthic communities from terrigenous clasticenvironments
based on brachiopod associations, however, theypresented no
trilobite data.
Lawson (1975) reexamined Ludlowbrachiopod-dominated com-
munities and reported that Calef and Hancock's (1974)idea that the
distribution of communities was controlled by water depth was in-
accurate.Instead, Lawson suggested that the nature of the substrate
is a major factor in community distribution. Hedescribed four com-
munities and listed the trilobites associated with each.These com-
munities will be referred to later in this discussion.
Watkins (1979a) presented a detailed study of the benthic com-
munities of the Ludlow Series along a transect in the Welsh Border-
land.His conclusions are based on an integrated examination ofthe69
biota and the accompanying sedimentological characteristics of the
strata.His data are probably the most detailed for any part of the
Silurian in the area of the British Isles under consideration. Watkins
found that there are significant changes in the characteristics of the
biota and enclosing sediments following a gradient from offshore,
low-energy basinal environments to nearshore, high-energy, shallow-
water environments. He cited the following sedimentologic evidence
for this offshore to nearshore gradient: increase in grain size,
decrease in clay content, decrease in bioturbation, increase in
storm-deposited beds of laminated silt and shells, and an overall
increase in rate of sedimentation. Watkins also noted significant
changes in community organization accompanying the sedimentological
changes, which include a decrease in species diversity and an in-
crease in opportunistic species towards the unstable, nearshore
environment.
Watkins (1979a) described four biotic associations in three
main sedimentary facies that he related to environmental changes
along the offshore-nearshore gradient.The offshore, low-energy,
highly bioturbated beds are characterized by normal marine mud-
stones with local development of well-laminated shales which he
attributed to depletion in the oxygen level.This facies contains
the Glassia obovata association which is characterized by a high
faunal diversity and small size of some of the taxa, particularly the70
brachiopods. Watkins considered this fauna to be typical of Dicoelosia
Parallel Communities which Boucot (1979, personal communication)
assigned to a Benthic Assemblage 4-5 position.This association con-
tains the highest abundance of trilobites in Ludlow communities (see
Figure 3).Dalmanites makes up 90 percent of the trilobite fauna
and occasionally dominates the entire fauna.Leonaspis, Proetus,
Calymene, Raphiophorus, Anaspis, and Otarion, in approximately
that order of abundance, are also found.Lawson (1975) found a
Dicoelosia-Skenidioides Community in the Ludlow approximately
equivalent to Watkins' Glassia obovata association.Lawson report-
ed some of the same more common trilobites listed by Watkins,
however, he also included rare Encrinurus.
Shoreward from the mudstone facies, Watkins recognized a
bioturbated siltstone facies representing a somewhat higher-energy
environment that was closer to the sediment source.The facies is
characterized by two different associations: the Mesopholidostrophia
laevigata association and the lower phase of the Sphaerirhynchia wil-
soni association.The Mesopholidostrophia laevigata association
is the dominant association in this facies.The Sphaerirhynchia
wilsoni association is generally located near the boundary between
this facies and the more shoreward facies and will be discussed in
connection with the coquinoid siltstone facies.The Mesopholidos-
trophia laevigata association is the highest diversity Ludlow71
Figure 3.Distribution and abundance of trilobites along a transect
of Ludlow shelf environments in the Welsh Borderland.
The laminated shale facies (4) is an oxygen-poor equiva-
lent of the mudstone facies (3) and was not considered
in this study.Go = Glassia obovata association, tr =
transitional (treated as part of the Go association);
Ml = Mesopholidostrophia laevigata association; uSw =
upper phase of the Sphaerirhynchiawilsoni association;
1Sw = lower phase of the Sphaerirhynchia wilsoni associa-
tion; P1 = Protochonetes ludloviensis association.From
Mikulic and Watkins (In press, Figure 4-2).SEDIMENTARY ENVIRONMENTS
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Figure 373
community and is dominated by brachiopods and bryozoans. Watkins
considered this association to be typical of Stropheodontid Parallel
Communities, which he believed are similar to Stricklandid commu-
nities occupying a Benthic Assemblage 4 position.Boucot (1979,
personal communication), however, believes that the Stropheodontid
Parallel Communities and the Stricklandid Communities are dis-
similar, with the former occupying a Benthic Assemblage 3 position.
Trilobites are uncommon in the Mesopholidostrophia laevigata
association with Dalmanites making up about 40 percent of the
trilobite fauna (see Figure 3).Proetus, Encrinurus, and Calymene
are also common members of the trilobite fauna in this association;
Otarion, Hemiarges, and Cheirurus are rare constituents.Lawson
(1975) described the Strophonella-Gypidula Community which appears
to be similar to Watkins' Mesopholidostrophia laevigata association.
He listed the same dominant trilobites as Watkins, with Dalmanites
again being the most abundant with common Calymene and Encrinurus.
Encrinurus. Encrinurus reaches its maximum abundance in this
community; proetids are rare and Leonaspis is absent.
The shallowest phase of Ludlow deposition is represented by
the coquinoid siltstone facies which is a nearshore, high-energy
environment characterized by a high rate of sedimentation.The
upper phase of the Sphaerirhynchia wilsoni association is primarily
developed in the more offshore portions of this facies.Boucot74
(1979, personal communication) placed the Sphaerirhynchia wilsoni
communities in a Benthic Assemblage 3 position.Trilobites are
rare in the Sphaerirhynchia wilsoni association and consist mostly
of Dalmanites in the lower phase (bioturbated mudstone facies) and
Proetus and Calymene in the upper phase (coquinoid siltstone facies).
Lawson (1975) described a Dayia-Isorthis Community which is similar
to Watkins' Sphaerirhynchia wilsoni association. He indicated that
Calymene and proetids are the most numerous trilobites with rare
encrinurids, and that dalmanitids occur rarely near the transition
with his Strophonella-Gypidula Community.
The most shoreward association described by Watkins in the
coquinoid siltstone facies is the Protochonetes ludloviensis associa-
tion.This is a low-diversity community dominated by brachiopods
and bivalves in a high-energy, shallow-water environment character-
ized by a high rate of sedimentation; this represents the most
unstable environment in theLudlow of this area.Watkins considered
this association to be typical of communities of the proximal shelf
region, such as Salopina and Eocoelia Communities; Boucot (1975)
assigned these communities to a Benthic Assemblage 2 position.
Trilobites are rare, but this association contains the distinctive
fauna consisting of Homalonotus and Acastella, as well as Encrinurus.
Lawson (1975) described a similar community (Protochonetes-
Salopina Community) where he recorded rare proetids and Enc rinu ru s75
transition with his Dayia-Isorthis Community and rare Calymene
ranging throughout most of this community.
Between the bioturbated siltstone and coquinoid siltstone facies
is the Aymestry Limestone, which is the only major carbonate de-
velopment in the Ludlow of the Welsh Borderland and Wales.The
Kirkidium Beds of the Aymestry Limestone were deposited in a high-
energy, possible shelf-margin environment (Lawson, 1975; Watkins,
1979a).Boucot (1975) assigned this type of comjunity to a Benthic
Assemblage 3 position.In other areas this type of community con-
tains rare scutelluids and either illaenids or Encrinurus. None of
these trilobites has been reported from this portion of the Aymestry
Limestone. Shoreward from the high-energy Kirkidium Beds,
Watkins identified a low-energy restricted Sphaerirhynchia wilsoni
association with only rare Dalmanites representing the trilobites.
Conclusions
A number of trilobite associations can be identified based on
a comparison of the occurrences described above (see Figure 4),
however, a significant number of the trilobites described from par-
ticular communities cannot be placed in recurrent associations.
There are several factors which contribute to the difficulty of assign-
ing many trilobires to specific associations.The most significant
problem is the lack of adequate samples that indicate the true76
Figure 4Community frameworks for Silurian level-bottom trilobite
associations based on previously discussed examples.
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diversity and abundance among the trilobites themselves. An ex-
ample of this was presented in the discussion on the Hopkinton
Dolomite of Iowa. Most samples used in current community work
may be accurate for comparing the abundance of the most common
taxa and for determining the overall abundance of trilobites in each
collection, but since trilobites are rare elements of most Silurian
communities, these samples are of limited value in determining
trilobite diversity or making comparisons of frequency among the
trilobites themselves.Also, the rarity of trilobites in these collec-
tions occasionally makes accurate identification of the trilobites
difficult.Another problem is the lack of information concerning the
sedimentological-lithological relationships of various described
communities, or these relationships, when considered, are often
oversimplified.Furthermore, the behavior of trilobites is not well
known since few have been preserved with appendages or in living
positions. Some trace fossils have been interpreted as representing
feeding and resting activities of trilobites, but again, these repre-
sent only a few taxa.In spite of these limitations, a few trilobite
associations have been identified from Silurian level-bottom commu-
nities and these will be discussed below.
Homalonotid-Acastomorph Association
The homalonotid-acastomorph association is commonly found79
in nearshore, high-energy, terrigenous clastic environmentshaving
a high rate of sedimentation.This association is found in Benthic
Assemblage 1 and 2 communities and is characterized by a low
diversity and low abundance of trilobites.Although a few taxa may
be locally abundant the entire fauna is of low diversity.Homalonotids
and acastomorphs are commonly found with calymenidsand encrinur-
ids in this association; Calymene is the most abundant trilobite.
In the Llandoverian of Wales and the Welsh Borderland,
homalonotids and acastomorphs appear to be rare or absent in
Benthic Assemblage 2 communities, however, Dalmanites and
ncrinurus are present.Dalmanites is also present with Trimerus
in the Upper Rochester Shale.It appears that Dalmanites may occupy
the same functional position as acastomorphs, in theirabsence,
since both have similar morphologic characteristics.
Because of the overall rarity of trilobites in this environment
it is difficult to obtain any statistical data, but the co-occurrence
of these trilobites is conspicuous in this environment.
Homalonotids are found in nearshore, high-energy, terrigenous
clastic environments in Ordovician through Devonian rocks.Ho-
malonotids and acastomorphs are present in this environment in
the Ordovician Caradoc Series of Wales and the Welsh Borderland
(Hurst, 1979) and Gill (1949) mentioned the occurrence ofhomalono-
tids in nearshore, clastic environments in the Devonian of Australia80
and Germany. Homalonotids (Dipleura) are also present in Benthic
Assemblage 2 communities of the Middle Devonian of eastern North
America (W. Koch, 1979, personal communication). Eldridge and
Ormiston (1979) noted that Silurian-Devonian homalonotids are wide-
spread in this particular environment in the Malvinokaffric Realm.
Schrank (1977) stated that homalonotids are most conspicuous in cold-
water, terrigenous clastic environments in the vicinity of the South
Pole during the Silurian, which is included in the Malvinokaffric
Realm.
A carbonate equivalent of this association has not been identi-
fied; homalonotids are rare in carbonates.The Woolhope Limestone
and its equivalents in Wales and the Welsh Borderland contain a few
homalonotids along with more common Bumastus and some Dal-
manites, however, Hurst (1975) assigned these beds to an Eoplecto-
donta duvalii, which is a Benthic Assemblage 4-5 equivalent commu-
nity.
The trace fossils Rusophycus and Cruziana in the Herkimer
Sandstone of New York have been attributed to Dalmanites, Trimerus,
and Calymene (Osgood and Drennen, 1975).Since these trace fossils
are confined to a nearshore, terrigenous clastic environment (Benthic
Assemblage 1-2) it might appear that the trilobites responsible for
these traces were similarly limited in their distribution.However,
these trilobites, particularly Dalmanites, are commonly found in81
are commonly found in adjacent offshore environments, and the trace
fossils are not found.Therefore, the distribution of the trace fossils
probably reflects preservational features and not environmental limi-
tations of their producers. High-energy environments or bioturba-
tion could easily destroy those trace fossils.
Benthic Assemblage 3 Communities
Trilobites are not rare in Benthic Assemblage 3 brachiopod-
dominated communities, but trilobite associations are not easily
defined.This excludes the reef associations which will be discussed
in a later section.
In the low-diversity, rough-water Pentamerus and related
communities trilobites are rare and of low diversity.Encrinurus
appears to be the most common trilobite, although in carbonate envi-
ronments with these communities in the central United States illaenids
appear to replace Encrinurus as the most common trilobite.
In Sphaerirhynchia communities in the British Isles the trilobite
fauna is dominated by Dalmanites, Calymene, and proetids.
Isorthis communities of the same region contain a trilobite
fauna dominated by encrinurids and Dalmanites, with calymenids,
proetids, and otarionids present as well.
Striispirifer communities contain common Calymene, Dal-
manites, Otarion, and Cheirurus in the Waldron Shale of the82
United States, buta different trilobite fauna, containingBumastus,
Calymene, and Arctinurus,is present in the RochesterShale.
Encrinurids are absent fromthese Striispirifer communities.
Dicoelosia Communities
Dicoelosia communities andother communities ina Benthic
Assemblage 4-5range generally contain the most diversetrilobite
faunas found in Silurianlevel-bottom shelf environments.These
communities are usually foundin environments characterizedby
low rates of sedimentationand low turbulence.Calymene and
Dalmanites are again the dominanttrilobites, with phacopids,
odontopleurids, Raphiophorus,and Otarion also being commonly
found in Great Britain.In the central United Statesthe Flexicalymene
celebra association ischaracteristic of Dicoelosiacommunities.
There Flexicalymene is thedominant trilobite and Dalmanites,
Cheirurus, Encrinurus, andSphaerexochus are alsocommon ele-
ments of the trilobite fauna.
As mentioned before,there is some evidence thattrilobite
associations may be controlled byslightly different environmental
factors than brachiopodcommunities, which is reflectedin some
apparently conflictingco-occurrences.This is demonstrated by
the comparison of trilobitesfound in the StriispiriferCommunity in
the Waldron Shale withthose found in a Dicoelosia-Leangella83
Community at Lehigh, Illinois; nearly identicaltrilobite faunas occur
in each.
Benthic Assemblage 5-6 Communities
Trilobite associations from BenthicAssemblage 5-6 commu-
nities do not appear to be widespread.Thomas (in press) described
the Delops/Miraspis association, including the genusAulacopleura,
from graptolitic shales and turbidites inthe Wenlockian of the
British Isles. A similar association is knownfrom the Late
Wenlockian graptolitic beds(Literi Formation) near Prague,
Czechoslovakia (Horny et al., 1958), which ischaracterized by
a variety ofodontopleurids and Aulacopleura.In the Holy Cross
Mountains of Poland there are Wenlockiangraptolitic beds that con-
tain an association similar to both ofthese. Here Odontopleura
ovata is the dominant trilobite; this genus also occursin the
Czechoslovakian beds.
Environmental Distribution of Trilobites
A brief examination of environmentaldistribution would seem
to indicate that most trilobites, on ageneric or higher level, are
not confined to any particular environment.However, upon closer
examination, it is apparent that certain groupsof trilobites are
definitely more abundant and diverse in specificenvironments.84
Based on the previouslypresented evidence a number ofgeneraliza-
tions can be made concerning theenvironmental preferences of
different trilobitegroups.
Dalmanites, Encrinurus,calymenids, and proetidsare wide-
ranging, commonly occurringin Benthic Assemblages 2through 5
communities (nearshore tooffshore).Thomas (in press), however,
indicated that proetidsare more closely related to specificenviron-
ments on a generic level; thismay also be true for calymenids.
Data in Watkins (1979a) andMikulic and Watkins (inpress) indicate
that there may besome differences in the environmentaloccurrence
of different species of bothEncrinurus and Proetus (seeFigure 3)
but these differencesmay also be attributed to evolutionarychanges
through time.
Differences in environmentaldistribution on a specific level
can be demonstrated by Bumastus.This genus isvery common and
diverse in Silurian reefs of theMidwestern United States.It is also
not rare in surrounding inter-reefenvironments, but there it is
usually represented bya single species which israre or absent
in the reefs.
Encrinurus seems to reach itsmaximum abundance insome
Benthic Assemblage 3 communities.
As described earlier,homalonotids and acastomorphsare
generally restricted to nearshoreenvironments characterized by85
turbulence and a high rate ofterrigenous clastic sedimentation.
These trilobites are seldom foundin carbonate environmentsor
in Benthic Assemblage 4 to 6communities.
The order Lichida is generallyconfined to Benthic Assemblage
3 and 4 communities, whichcommonly occupy a mid-shelfposition.
No lichids have been observedin Benthic Assemblage 2, 5or 6
communities.This order seems to reacha maximum diversity and
abundance in carbonate buildups.
Illaenids and scutelluidsare also found predominantly in
Benthic Assemblage 3 and 4communities.Neither of these groups
is particularly commonor diverse in environments receivingterri-
genous clastic sediments; theyare most abundant and diverse in
carbonate buildups.
Otarionids and phacopidsappear to be more prevalent in
Benthic Assemblage 3 and4 communities, butare not particularly
common.
Odontopleurids are more typicaland diverse in offshore
Benthic Assemblage 5 and 6communities, with Leonaspishaving
a slightly different range eingmore prevalent in Benthic Assemblage
3 and 4 communities.
Radiophorus is characteristicof Benthic Assemblage4 and 5
communities, particularly in theBritish Isles, butappears to be
absent from these environmentsin North America.86
Examination of trilobite associations in the central United
States shows a significant disparity between the abundance and
diversity of proetids compared with similar associations in the
British Isles and Gotland.It is particularly noticeable in the
trilobite associations described by Thomas (in press) from the
Wenlockian of the British Isles where proetids are a major element.
He suggested that their absence in the United States may be due to
a rarity of suitable environments. However, the environments and
associations in which proetids are common in the British Wen lock
are present in the North American Silurian. A good example is
Thomas' sparry algal limestone containing the Radnoria/Cornu-
proetus association in which illaenomorphs and Scutelluidae are
common and to which Harpetidae is restricted.Odontopleurids
and lichids are also present.This association occurs in rocks that
have been described as being in a very shallow, turbulent environment
which received very little terrigenous clastic sedimentation and were
deposited on a topographic high (Hurst et al., 1978).If the proetids
are removed from this list of trilobites the association would be a
typical illaenid-scutelluid association characteristic of many North
American Silurian reefs and other high-energy carbonates. Many
elements of Thomas' shelf limestone association are also found in
North American carbonates.The only environment that seems to
be poorly represented in the central and eastern United States are87
the graptolitic shales and turbidites.It seems that the differences
in abundance and diversity of proetids are not due to lack of similar
environments; they more likely reflect biogeographic differences.
More detailed work in the future should reveal more definite
patterns of environmental distribution of trilobites.88
TRILOBITE ASSOCIATIONS IN SILURIAN
CARBONATE BUILDUPS
Introduction
Trilobite associations found in Silurian carbonate buildups
can be more easily recognized than those in level-bottomenviron-
ments.Literally thousands of Silurian carbonate buildups are
known, which furnish a better data base than is available for any
particular level-bottom environment.The trilobite associations of
most normal marine Silurian carbonate buildups are remarkably
similar throughout the world.Silurian carbonate buildups are of
several different types, ranging from small byrozoan mounds only
a few feet in diameter to coral- stromatoporoid reefs which are
several miles in diameter (Heckel, 1974; Wilson, 1975). Many of
these buildups are thought to have reached their maximum develop-
ment in a shallow-water, high-energy environment (Lowenstam,
1957).Coral-, stromatoporoid-, pentamerid-, or pelmatozoan-
dominated communities are typical of these buildups, and most of
these reefs occupy a Benthic Assemblage 3 position (Boucot, 1975).
Some recent work, however has suggested that some Silurian reefs
may have developed in a deep-water, below-wavebase environment
(Pray, 1976; Lehmann, 1978; McGovney, 1978).These interpreta-
tions are based primarily on sedimentologic evidence and contradict89
much of what is known about the environmental occurrence of the
buildup biota.More work will be needed to resolve these apparent
discrepancies in the interpretations of the conditions under which
these buildups developed.
The main point of this discussion, however, is the notable
similarity of the trilobite associations in nearly all of these buildups
regardless of whether these structures are considered to be organic-
ally or inorganically constructed or regardless of what types of
organisms constructed the organic buildups.The only factor that
controls the occurrence of these trilobite associations seems to
be the presence or absence of a normal marine environment.
Two types of trilobite associations have been described from
the Thornton Reef in the Racine Dolomite near Chicago, Illinois
(Mikulic, 1976).The primary and most characteristic association
found at Thornton is the illaenid-scutelluid-lichid association which
is typically found in the core and other high-energy environments
of the reef.Trilobites such as the illaenid Bumastus, the scutelluid
Kosovopeltis, the lichids Arctinurus, "Lichas, " and Dicranopeltis,
the cheirurid such as Cheirurus, the odontopleurid such as
Ceratocephala, and harpids are characteristic of this association.
The second trilobite association, termed the rncrinurus-
Sphaerexochus association, is typical of low-energy environments,
such as pelm.atozoan communities, and is characterized by96
Sphaerexochus, calymenids,encrinurids, Bumastus(usually differ-
ent species than in theillaenid-scutelluid-lichid association),and
Dalmanites.The generic compositionof these associations changes
to some extent in both time andspace, but the morphologic character-
istics of the trilobites remainremarkably constant.
Another constant feature ofthe trilobite associationsin Silurian
carbonate buildups is themanner of occurrence of the illaenid-
scutelluid-lichid association.Trilobites of this associationcom-
monly occur in accumulationsof disarticulated specimensoriented
in a convex-side-downposition.These accumulationsrange up to
several feet in diameter,containing thousands of specimens.Nauti-
loid cephalopodsmay or may not accompany the trilobitesand few
other organismsare observed in these accumulations.Excluding
the nautiloid specimens,most of the skeletal elementsfound in these
accumulations are characterizedby a pronouncedconcavo-convex,
plate- or saucer-like shape,like the cranidia and pygidiaof
bumastids.
In the following sectionsvarious aspects of reef trilobiteassoci-
ations are discussed.Firstly, the compositionand distribution of
reef trilobite associationsare described using a number ofexamples
from various localities,mostly in the central UnitedStates.This is
followed by a discussion of thepossible ways in whichtrilobite
accumulations characteristic ofthe illaenid-scutelluid-lichid91
association form based on experimentation and field observation.
Another section is devoted to the biogeographic distribution of some
Silurian trilobite taxa in reefs of the central United States.And,
finally, the conservative morphologic characteristics of trilobite
faunas found in Ordovician through Permian carbonate buildups
throughout the world are discussed.
Composition and Distribution of Specific Silurian
Reef Trilobite Associations
Introduction
This section describes the distribution, composition, and
mode of occurrence of Silurian trilobite associations in some spe-
cific Silurian carbonate buildups.Most of these examples are froni
the central United States because of the abundance of these structures
in this area.The Silurian carbonate buildups in this area have re-
ceived more study than Silurian buildups in most other geographic
areas and, consequently, much data are available for them.Silurian
reefs and carbonate buildups on a worldwide basis are generally
confined to the Late Wenlockian through Ludlovian time interval,
and in the central United States are found predominantly in the Racine
Dolomite and stratigraphically equivalent units.Although there is
currently some debate, and long has been for that matter, as to the
nature of the environmental conditions under which these buildups92
developed, this is beyond the scope of this study and will not be dis-
cussed in any detail. Again, it should be emphasized that these differ-
ent environmental interpretations do not change the fact that the
trilobite associations are very similar in all these structures.
Horlick Quarry
The Horlick quarry, and surrounding area (see locality 11,
Appendix II), at Racine, Racine County, Wisconsin, has been a source
of a diverse trilobite fauna for over 100 years.The rocks exposed in
this area are all in the Racine Dolomite, and there are a number of
reefs visible in the southern two-thirds of the east wall and the
southwest corner of the quarry (see Figure 5).All of these reefs
have been truncated by post-Silurian erosion.The distribution and
abundance of the different trilobite taxa found at this locality have a
distinct pattern in relation to the occurrence of the reefs (see Figure
5).Three major environments can be identified in these exposures
based on paleontologic and lithologic evidence: the reef core, the
reef flank beds, and the inter-reef beds.
The reef core area is characterized by massive, crystalline,
locally porous and vuggy, fossiliferous dolomite.Tabulate corals
(Heliolites and Halysites) and stromatoporoids are common, with
individual lenticular colonies up to a foot in diameter being present.
These colonial organisms are scattered through the core area and93
Figure 5.A: Distribution of reef cores, flank beds, and inter-reef
beds in the Racine Dolomite at the Horlick quarry (lo-
cality 11, Appendix II).Dashed line indicates south
quarry wall before construction of swimming beach in
1969.
B: Distribution of various trilobite taxa in this quarry
in relation to the reef cores, flank beds and inter-reef
beds shown in A.Trilobite-cephalopod accumulations
are all confined to reef core areas.1 - Bumastus sp. A;
2 - Bumastus ioxus; 3 - Kosovopeltis acamus; 4 - Di-
cranopeltis sp.; 5 - Calymene sp.; 5A - Calymene sp.;
5A - Calymene sp. (complete specimens); 6 - Stauro-
cephalus sp.; 7 - Dudleyospis sp.; 8 - proetids;
9 - Sphaerexochus romingeri; 10 - Dalmanites sp.;
11 - Trochurus nasuta; 12 - Trochurus welleri; 13 -
Cheirurus sp.; 14 - Ceratocephala sp.; 15 - Arctinurus
sp.
Bumastus sp. A (1) is found throughout the quarry and
is not indicated on map; it is, however more abundant
in reef core areas.0
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and do not form an observable framework.This is the only environ-
ment in which these colonial organisms are common. Pelmatozoans
are locally common, occurring as disarticulated fragments in lenses
or discontinuous layers with other fossils, but are not as abundant as
in the surrounding flank beds. A few scattered pelmatozoan foot sys-
tems are present in the reef core, but are not common. Brachiopods
are locally abundant and diverse (see Table 17).Gastropods and bi-
valves ("Amphicoelia") are more common and diverse in the core
area than in the other environments.Trilobites of the illaenid-
scutelluid-lichid association are locally abundant in the reef core,
occurring in accumulations of disarticulated specimens which are
oriented in a convex-side-down position.The same trilobites are
found outside of these accumulations in the core, but are uncommon;
these trilobites are rare or absent in the surrounding flank beds and
inter-reef environment.
At least fourteen accumulations have been found in the reef
cores at Horlick quarry.These accumulations range in size from
less than a foot in width and a few inches in height, containing only
a few specimens, to several feet in width and a foot or more in thick-
ness, containing thousands of specimens.It is important to note
that regardless of the size of the accumulation the same major
trilobite taxa are present. Bumastus ioxus and Kosovopeltis acamus
are by far the most abundant trilobites in these accumulations (see96
Table 17.Brachiopod composition of collections from the reef core area (Racine Dolomite) at
the Horlick quarry, Racine, Racine County, Wisconsin (see locality 11, Appendix II).
USNM numbers refer to U. S. National Museum locality numbers. USNM locs. 17385
and 17388 are from the main reef core in the south half of the east wall, and USNM
loc. 17387 are from the reef core in the southeast corner of the quarry.
17385 17388 17387
"Stropheodonts " sp. 12. 0% -
Hedeina sp. 4. 8 22. 6
Hedeina cf. H. eudora - - 50. 0
Leptaena "rhomboidalis" 9. 5 3. 2 6. 3
Coolinia sp. 1. 2 - 12. 5
Plicanoplia? sp. 2. 4
Eospirifer sp. 14. 3 12. 9 6. 3
Protomegastrophia? sp. 11. 9 -
Meristina sp. 6. 0 -
unident. brachiopods 7. 1
Atrypa "reticularis" 15. 5 12. 9 6. 3
rhynchonellids 15. 5 19.4 0
Howellella? sp. - 9. 7 6, 3
janius sp. 12. 5
Dale' ina sp. 9. 7
Cyrtia sp. 6. 5
Coelospira? sp. 3. 2
Total number of
specimens 84 31 1697
Tables 18, 19, and 40; Figure 6).Their abundance ratio spans a
full spectrum from the near exclusive occurrence of only one of the
species to an equal abundance of both.The density of trilobites in
these accumulations is occasionally so high that stacks of skeletal
elements several inches thick occur, with little intervening sediment.
Cephalopods are not common in these accumulations with the trilobites,
but two small accumulations of the cephalopod Leurocycloceras have
been found.Within some of the trilobite accumulations disarticulated
specimens of the bivalve "Amphicoelia" have been found.These bi-
valve specimens have a very similar shape and texture to bumastid
cranidia and pygidia, being concavo-convex, saucer-shaped, and
smooth.
An interesting feature of the reef core is the presence of
lensoidal, clay-filled cavities overlying nearly all of the trilobite
accumulations.The width of these cavities approximately corres-
ponds to the width of the accumulations, but the thickness is quite
variable.The largest cavity is at least eight feet wide, three feet
high, and extends for more than six feet back into the quarry wall.
The rocks exposed under this cavity contain a large volume of non-
pelmatozoan fossil debris, but only a small accumulation of trilobites
was found along one side.Since this cavity is so large it is possible
that trilobites may be found to be more abundant in other unexposed
portions, but it is also possible that because of the size different98
Table 18.Composition of the trilobite faunas in various trilobite accumulations in the reef cores
in the Racine Dolomite at Horlick quarry, Racine, Wisconsin seelocality 11,
Appendix II).Column 1 is a typical collection from the larger trilobite accumula-
tions in having a greater abundance of Bumastus ioxus. Columns 2-4 representsmaller
accumulations showing a wide range of variation in the abundance of Bumastusioxus
and Kosovopeltis acamus.Column 5 shows the trilobite composition of a brachiopod-
rich concentration lateral to a more typical trilobite accumulation;trilobites and
brachiopods are much smaller than in the main part of the accumulation.Brachiopod
composition is given in Table 17.These collections are in the author's possession.
1 2 3 4 5
Bumastus ioxus 64. 0% 17. 0% 30. 0% 36. 0% 4. 06%
Kosovopeltis acamus 35.0 74. 0 57. 0 63. 0 38. 0
Bumastus sp. A 2. 1 35. 0
Ceratocephala sp. 2. 1 3. 0 - 2. 0
Trochurus welleri 2. 1 2. 0
Dalmanites sp. 2. 1 -
Arctinurus sp. 1. 1 - -
Cheirurus sp. 6. 0
Sphaerexochus romingeri 3. 0
Dicranopeltis sp. 17. 0
proetid - 2. 0
Number of individuals 89 47 33 19 46Table 19.The orientation of trilobite parts in the accumulations represented in Columns 1-4
in Table 18 as originally found in place in the rock.Orientations of Bumastus ioxus
and Kosovopeltis acamus only were determined.down - convex-side-down; up
convex -side -up.
1 2 3 4
Bumastus ioxus
9. 0% 10. 0% cranidia-up
cranidia -down 91. 0 100% 90. 0 100%
pygidia -up 2.0 12. 0 33. 0
pygidia-down 98. 0 88. 0 66. 0 100.0
Kosovopeltis acamus
55.0 43.0 42.0 17.0 pygidia-up
pygidia-down 45.0 57. 0 58.0 83. 0
Total number of
specimens 143 54 35 24
99100
Figure 6.The undersides of twoslabs from trilobiteaccumulations from the reef core alongthe south half of theeast wall of the Horlickquarry showing the disarticulatednature of the trilobites (Bumastusioxus and Kosovopeltisacamus) and the convex-side-downorientation of the Bumastus. A: part of the accumulationused in Table 19, Column 1;
B: part of the accumulationused in Table 19, Column4.101
A
B
Figure 6102
factors may have controlled thetypes of organisms foundunderneath
it.The origin of these cavitiesis not known withany certainty but
they may have resultedfrom the overgrowth ofdepressions in which
trilobites were accumulating,or they could have resulted from differ-
ential solution of sedimentsrelated to the deposition ofthe trilobite
accumulations.In the rocks abovesome of the cavities large tabulate
corals and pelmatozoanroots are present, whichmay be related to the
overgrowth of a depression,but in others the rock isno different from
the rest of the core rock.These cavitiesare not found in non-core
rock.The clay that fills thesecavities can also beseen in vertical
joints extending up to thetruncated surface of the reefs,indicating a
post-reef origin of the clay.The cavities themselvesare only con-
nected to the truncated surfaceof the reefs by joints foundthroughout
the reef core and not by widefissures into which trilobitesand other
fossils could have fallen.This, accompanied by the factthat the same
organisms are present in theaccumulations and in the surrounding
rocks, indicates that theformation of the accumulationswas contempo-
raneous with reef development.
A small exposure of reefcore rock is present in the southeast
corner of the quarry which containsaccumulations of the illaenid-
scutelluid-lichid association,as well as a highly diverse faunaof
other trilobites.This core rockmay represent either a temporary
lateral expansion of the reefcore at a higher, now-eroded level,or
the development ofa satellite reef.The upper portion of thiscore
contains several large trilobiteaccumulations, one of which consists103
of several thousand specimens, nearly all of which are oriented
convex-side-down.Nearly all of these specimens are skeletal
elements of Bumastus ioxus (however, several smaller accumula-
tions in the reef cores are more diverse; see Table 18).The lower
portion of this core contains a highly diverse brachiopod and trilobite
fauna.The brachiopods are dominated by Janius and Hedeina
(USNM loc. 17387), which are not common in the other reef cores;
most of the other brachiopod taxa are typical of the other reef
cores.The trilobites in the lower portion of the core are dominated
by Dicranopeltis and represent the most highly diverse trilobite
fauna in these reefs (see Table 20).Radiating away from the reef
cores are flank beds which dip at 35 ° near the core.In a lateral
direction away from the "cores" the angle of the dip decreases until
essentially horizontal inter-reef beds are reached.The flank beds
are porous, well-bedded, highly fossiliferous, andcoarse-grained.
In general, the flank beds near the core are pelmatozoan-rich and,
in some places, consist entirely of disarticulated pelmatozoans.
Porosity, grain size, and the abundance and diversity of fossils
decrease laterally away from the reef cores in the flank beds.The
trilobite fauna of the inner reef flank beds has a low diversity.The
trilobites are not common and the taxa are different than those gener-
ally found in the "core." Sphaerexochus is most common, particular-
ly in pelmatozoan-rich layers, and is associated with Calymene,
Trochurus, Cheirurus, Dalmanites, and Bumastus sp. A.It should
be noted that Calymene is commonly found as articulated specimensTable 20.
104
Trilobite composition of the Dicranopeltis-dominated
trilobite fauna from the lower portion of the reef core
in the southeast corner of the Horlick quarry, Racine,
Wisconsin (see locality 11, Appendix III).This collec-
tion is in the author's possession.
Percent of
trilobite fauna
Dicranopeltis decipiens
Ceratocephala sp.
Trochurus nasuta
Bumastus sp. A
proetid
Kosovopeltis acamus
Staurocephalus sp.
Encrinurus sp.
Dudleyaspis? sp.
Calymene sp.
Cheirurus sp.
Arctinurus sp.
Bumastus ioxus
41.3%
6.5
3.2
22.1
4.9
4. 9
Z. 0
1.2
0.8
2.0
0.8
0.4
9. 4
Total number of
individuals 244105
whereas the other trilobitesin all the major environmentsare
most always found disarticulated.The outer reef flank bedsare
commonly poorly fossiliferous,although a few scatteredcomplete
Calymene are present.This general pattern of theflank beds is
complicated by thepresence of a number of reefs in closeproximity
and also by upward expansionand development of reefsin now-eroded
overlying beds.
The inter-reef bedsare highly fossiliferous only ina few
localized areas.In general, the biota is similarto the flank beds,
but pelmatozoansare not as volumetrically important.Sphaerexochus
and Bumastus are scatteredthroughout these beds.In some localized,
more fossiliferous areas, these trilobitesoccur with Dalmanites,
and Encrinurus.
The nearby quarries at Ives(see locality 9, Appendix II)have
identical environmentally relatedtrilobite associations (seeFigure 7).
Franklin Reefs
The distribution andcomposition of the trilobite faunasof the
Racine Dolomite reefs atFranklin, Milwaukee County,Wisconsin
(see locality 70, AppendixII) is nearly identical to thatat the Horlick
and Ives reefs around Racine.Bumastus ioxus is abundantin ac-
cumulations of disarticulated,convex-side-down specimens in reef
core rock, along with common Kosovopeltisacamus. Other106
Figure 7.Side view of in situ trilobite accumulation in Racine
Dolomite reef core along the east half of the south wall
of the main Vulcan Materials quarry at Ives, Racine
County, Wisconsin (see locality 9, Appendix II).Trilo
Trilobites are disarticulated specimens of Bumastus
ioxus.Note predominant convex-side-down orientation
and close packing of parts.Length of hammerhead ap-
proximately 5 inches.Photograph taken 1976,107
trilobites occasionally found inthese accumulationsare Bumastus sp.
A, Dicranopeltis decipiens,Cheirurus sp., proetids, andStauro-
cephalus sp. A distinct trilobitefauna dominated by Dicranopeltis
has been found in non-crinoidalreef "core" rock.Besides Dicrano-
peltis, Bumastus sp. A,some scutelluids, and rare Arctinurussp.,
and Dalmanites sp.are found. Rare specimens of Encrinurushave
been found in the outer flankbeds. Sphaerexochus hasnot been found
at Franklin, which is surprisingin view of its commonoccurrence
in pelmatozoan-rich beds in theRacine and other area. Accumula-
tions of orthocones have alsobeen observed in these reefs.Other
nearby reef exposures displayfaunas similar to those at Franklin
and Racine; at the airportrunway tunnel (see locality 63, AppendixII),
a small accumulation of Bumastus ioxus,with some Kosovopeltis
acamus, Bumastus sp. A, and Sphaerexochusromingeri was found.
Reefs in the Northern Half ofMilwaukee County, Wisconsin
The reefs in the northern halfof Milwaukee County havea
trilobite fauna different in bothcomposition and manner ofoccur-
rence from those in the reefs of the restof southeastern Wisconsin.
These reefs are conspicuousin their lack of pelmatozoans.Various
species of Bumastus and Sphaerexochusromingeri are the most
common trilobites in this reef.
At the Schoonmaker reef(see locality 74, Appendix II)two108
distinct trilobite faunas are recognized (see Table 21).The reef
core contains common Bumastus cuniculus and Sphaerexochus
romingeri, with Hadromerus welleri and a variety of other trilobites.
In flank beds (with only rare pelmatozoans) the above trilobites are
rare or absent, but scutelluids and Scotoharpes telleri are common.
Although thousands of specimens of bumastids have been found at this
locality no trilobite-cephalopod accumulations have been observed and
only one small sample has been seen in older collections that sug-
gests this type of occurrence.It is not rare to find cranidia, pygidia,
and other skeletal elements of a single individual clumped together in
a small space.
The Moody reef (see locality 74, Appendix II) has a fauna simi-
lar to that of the reef core at Schoonmaker reef, as do other reefs
in this vicinity.There is no evidence at any of these reefs for
trilobite-cephalopod accumulations.
Halquist Reefs
Three small reefs are present in the Halquist quarry at Sussex,
Waukesha County, Wisconsin (see locality 48, Appendix II).The
reefs are widely spaced and appear to have begun their development
in an unnamed unit beneath the Romeo Beds of the Racine Dolomite
(Upper Wenlockian-Ludlovian). One of these reefs appears to have
continued developing during thedeposition of the Romeo Beds, but the109
Table 21.Trilobite composition for representative Racine Do lomite (Silurian) reefs in the northern
half of Milwaukee County, Wisconsin. Column 1 gives a nonquantitative ranking of
trilobite occurrence based on examination of museum collections and field observation
of the core of the Schoonmaker reefA = abundant, C = common, U = uncommon,
R = rare.Column 2 is from collection of reef core at Schoonmaker reef and Column 3
is a collection from the flank beds of that reef.Column 4 is a collection from Moody
reef.Column 5 is a collection from the reef exposed in a sewer tunnel at 25th Street
and Lloyd Streets (see localities 74, 80,
author's possession.
and 84, Appendix II).Collections are in the
1 2 3 4 5
Bumastus cuniculus A 23. 1% - 11. 0% 10.0%
Bumastus dayi C 5. 2
Bumastus niagarensis C 1. 0 1. 0 4. 2 -
Bumastus tennis R - 10. 4
Bumastus sp. B C 3. 1 - 0. 9 -
Hadromerus welleri C 4. 2 3. 6 18. 3 20. 0
Sphaerexochus romingeri A 65. 2 - 40. 0 55.0
Scotoharpes telleri R - 18 7 3. 3 -
Dicranopeltis greeni U 8. 3 0. 6
Arctinurus sp. R - - -
Calymene sp. C - 1. 0 2. 7
Encrinurus reflexus U - -
Ceratocepha la sp. U - 0. 5 1. 8 -
Dudleyaspis sp. R - -
proetid? R 2. 1 0. 5 1. 5
scutelluid U 1. 0 42. 1 4. 2 15. 0
odontopleurid - 16. 6 - -
De iphon sp. - - 0. 2
Illaenoides sp. R -
Dalmanites sp. R 0. 2 -
Number of individuals 95 192 442 20110
other two seem to have been terminated by Romeo deposition.None
of these reefs appears to have had any significant influence on the
characteristics of the surrounding inter-reef beds, which are poorly
fossiliferous.
The reef which extends into the Romeo Beds is approximately
36 feet wide and 15 feet high, however, it is not well exposed and its
lateral contacts with inter-reef beds cannot be examined.In general,
the reef rock is massive, fine-grained, poorly fossiliferous dolomite.
It is characterized by a number of small trilobite-cephalopod ac-
cumulations which are scattered throughout the structure.
The trilobites in these accumulations are predominantly spe-
mens of Bumastus ioxus which are disarticulated and oriented
convex-side-down (Figures 8 and 9).The nautiloid cephalopod
Dawsonoceras and other orthocones are typical of these accumula-
tions, but are much less common than the trilobites.These accumu-
lations are differentiated from the surrounding reef rock by their
fossil content, peculiar vugginess, darker color, and overall more
porous nature.
One of these accumulations is particularly noteworthy in that
the majority of the orthocones are preserved in an upright position
(see Figures 8 and 9 ).Because of this unusual orientation this
accumulation was sampled in detail and the data derived are the
basis for this discussion.This trilobite-cephalopod accumulationFigure 8.
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Trilobite-cephalopod accumulation in reef core along
the north wall of the Halquist quarry (loc. 48), Sussex,
Waukesha County, Wisconsin.
A: Accumulation in situ; note the upright cephalopods
in lower two-thirds and disarticulated, convex-side-
down trilobites (primarily Bumastus ioxus in upper
one-third.
B: Same location as A, showing lower two-thirds of
accumulation during excavation.Note upright orienta-
tion of, nautiloid nephalopods and convex-side-down
orientation of Bumastus ioxus at top of photo.Photo-
graphs taken 1976.1
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Trilobite-cephalopod accumulation from same locality
as Figure 8.
A: Sample showing upright orientation of nautiloid cephalo-
pods.(Photo is arranged so that sample is in approxi-
mately its original orientation. )
B: Underside of slab from this accumulation showing the
disarticulated nature and predominant convex-side-down
orientation of Bumastus ioxus parts.114
A
B
Figure 9115
was somewhat V-shaped, 27 inches high, 18 inches wide at the top
narrowing to 10 inches at the bottom, and extended at least 10 inches
back into the quarry wall. A large volume of clay is found lying
on top of this accumulation which may represent a clay-filled cavity
like those at the Horlick quarry, but since most of the rock had been
quarried away, it could not be determined whether or not a cavity
existed.
The trilobite individuals comprised 79 percent of the organisms
found in this accumulation (see Table 22).The dominant trilobite
is Bumastus ioxus,which represented 83 percent of the trilobite
fauna (see Table 23).Ninety percent of the Bumastus ioxus parts
were found in a convex-side-down position (see Table 24).Kosovo-
peltis acamus represents nine pertent of the trilobite fauna with
approximately 65 percent of its pygidia in a convex-side-down orien-
tation.See Tables 23 and 24 for information on the rest of the
trilobite fauna.The trilobites increased in abundance towards the
top of the accumulation (see Figure 8), but there was no difference
in their taxic composition or orientation.each species is generally
represented by a limited size range of individuals, indicating some
size-sorting prior to deposition.Only one Bumastus ioxus hypostome
was found, while four Kosovospeltis and four Dicranopeltis hypostomes
were present.Thoracic segments were also noticeably under-
represented, however, they could not be accurately counted.116
Table 22.Biotic composition of the trilobite-cephalopod accumula-
tion in a reef core at Halquist quarry, Sussex,Waukesha
County, Wisconsin (see locality 48, Appendix II).
Taxon
Percent of
Biota
Trilobites 79.0%
Cephalopods 6.9
Gastropods 5.7
Brachiopods 4.3
Receptaculitids 3.9
Tabulate corals 0.1
Number of
individuals 504Table 23.Trilobite composition of thetrilobite-cephalopod
accumulation in the reefcore at Halquist quarry,
Sussex, Waukesha County, Wisconsin(see locality
48, Appendix II).
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Percent of
trilobite fauna
Bumastus ioxus 82. 6%
Bumastus sp. A 4.0
Dicranopeltis decipiens 3.5
Kosovopeltis acamus 8.5
Ceratocephala sp. 1. 0
Trochurus sp. 0.2
Number of individuals 397118
Table 24.Orientation of trilobite skeletal elements in a trilobite-
cephalopod accumulation in a reef core at Halquist
quarry, Sussex, Waukesha County, Wisconsin (see
locality 48, Appendix II).Down = convex-side-down,
Up = convex-side-up.
Percent of
trilobites with
this orientation
Bumastus ioxus
c ranidia- up
cranidia-down
pygidia - up
pygidia-down
free cheek-up
free cheek-down
6.4%
93.5
5.1
94.0
13.8
70.8
Number of specimens
Kosovopeltis acamus
656
cranidia-up 27.2
c ranidia- down 72.7
pygidia-up 35.2
pygidia-down 64.7
Number of specimens 45119
Thirty orthoconic nautiloids were found in this accumulation
of which eleven were preserved in an upright position, having an
average angle of repose of 45° with a range of25°-65° (see Figures 9
and 10 and Table 25).The body chambers of these nautiloids are well
preserved as internal and external molds due to infilling with sedi-
ment.The internal molds of the phragmacones are not well pre-
served because of incomplete filling of the camerae.The resulting
geopetal fabric substantiates the observed angle of repose of the in-
clined nautiloids and indicates that they are in their original burial
position.The horizontally-oriented nautiloids are represented by
internal molds of only the lower portions of the body chambers and
phragmacones, which indicates they are also in their original burial
position.All of the upright nautiloids were located in the lower
three-fourths of the accumulation, whereas most of the horizontal
specimens were found in the upper one-fourth.Ten of the upright
specimens were preserved in an apex-down position, only one was
apex-up.Most of the upright specimens were inclined towards the
northwest.Table 25 shows that the upright nautiloids, particularly
Kionoceras are significantly larger than the horizontally-oriented
specimens.
Another peculiar feature of this accumulation is the presence
of a number of specimens of the receptaculitid Ischcadites koenigii.
These specimens are in a random orientation and do not appear to be120
Table 25.Composition, size, and orientation of cephalopods in the
trilobite-cephalopod accumulation in the reef core at the
Halquist quarry, Sussex, Waukesha County, Wisconsin
(see locality 48, Appendix II).Note the predominance
of large specimens in an upright position.Size was
measured as the maximum average diameter of the
living chamber for each taxon.
Number of Size of Number of Size of
upright upright horizontal horizontal
specimens specimens specimens specimens
Dawsonoceras 4 1.5 in. 1 -
Kionoceras 7 2.5 in. 7 0.7 in.
smooth unident.
orthocone 11 0. 9 in.
Lechritrochoceratidae - 3 0.3 in.
Oncoceratidae 2 1.0 in121
in life position.Silurian receptaculitids are generally confined to
reef environments in the Great Lakes area, but are seldom common,
usually occurring as isolated specimens. Receptaculitids are consid-
ered to be green calcareous algae and probably lived within the photic
zone.
The orientation of the cephalopods in the accumulation suggests
that the specimens were deposited in a depression in the reef surface.
Small specimens were able to settle in a horizontal position, but the
size or shape of the depression was such that large individuals, after
falling into the depression, settled in an upright position, leaning
against the depression walls.
Menomonee Falls
Pelmatozoan-rich reef flank beds in the Racine Dolomite at
Menomonee Falls, Waukesha County, Wisconsin (see locality 59,
Appendix II) contain a trilobite association similar to that found in
the reef flank and inter-reef beds at the Horlick quarry in Racine.
Sphaerexochus romingeri is the most abundant trilobite associated
with Bumastus sp. A, Calymene sp., and a variety of other trilobites
(see Table 26).No trilobite-cephalopod accumulations were found in
this area although older collections contain a predominance of
Bumastus ioxus and Kosovopeltis acamus.Table 26.
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Trilobite composition of the pelmatozoan-rich reef flank
beds of the Racine Dolomite at Menomonee Falls,
Waukesha County, Wisconsin (see locality 59, Appendix
II.
Percent of
trilobite fauna
Sphaerexochus romingeri 84.9%
Bumastus sp. A 7.2
Calymene sp. 3.0
Deiphon sp. 0.6
Acidaspis sp. 0.6
Trochurus cf. nasuta 0.6
Cheirurus sp. 0.6
Bumastus ioxus 0.6
Dalmanites sp. 0.6
Dicranopeltis cf. decipiens 1.2
Number of individuals 166123
Germantown
A number of small reefs in the Racine Dolomite are exposed in
and around Germantown, Washington County, Wisconsin (see locality
131, Appendix II).A few small accumulations of disarticulated
Bumastus ioxus with a convex-side-down orientation have been found
in the vicinity of the main Germantown quarries.Core rock at the
west quarry contains scattered specimens of Bumastus ioxus,
Bumastus sp. A, and Dicranopeltis sp.
Raasch (1973, personal communication) reported finding speci-
mens of Kosovopeltis in the reef core at the nearby Rockfield quarry
(see locality 126, Appendix II).
Cedarburg
The Groth quarry in the Racine Dolomite at Cedarburg,
Ozaukee County, Wisconsin (see locality 107, Appendix II) contains
a number of large trilobite-cephalopod accumulations in a localized
area of the reef core.The trilobites include abundant specimens
of disarticulated Bumastus ioxus with a convex-side-down orientation,
uncommon specimens of Kosovopeltis acamus, and rare Dicranopeltis
sp. (see Figure 10).One of the accumulations is associated with a
large tabulate coral.Outside of these accumulations trilobites are
very rare with Calymene sp. being the only other trilobite known124
Figure 10.Trilobite-cephalopod accumulation in Racine Dolomite
reef core rock near the center of the north wall in the
Groth quarry (loc. 107, Appendix II), Ozaukee Co.,
Wisconsin. Shows disarticulated nature and convex-side
down orientation of the trilobite (Bumastus ioxus) parts.
A large tabulate coral (about 2 feet high) is present just
above nautiloid on the left side of the photo and continues
off the picture. (Photo taken by Stanley Fedderley, 1972)125
from this reef.
A short distance to the south, at the Electric Company Quarry
(see locality 99, Appendix II) accumulations of Bumastus ioxus have
been found in reef beds of the Racine.Dolomite.
Palisades Reef Complex
Philcox (1970, 1971) described the characteristics and develop-
ment of the Palisades reef complex in the Gower Formation (late
Wenlockian-Ludlovian) near Cedar Rapids, Linn County, Iowa. He
stated that this reef complex initially began with the development of
a number of small pelmatozoan-rich mounds which eventually co-
alesced into a large mound with upward growth.This larger mound
formed an assymetrical structure with a windward and a leeward
zone.Philcox stated that coelenterates are scattered throughout the
pelmatozoan mounds, but are concentrated in the upper portion of
what is interpreted as the above-wavebase, windward size of the reef
complex.
Philcox also described a number of penecontemporaneous cave
deposits in two of the initial mounds.The distribution of these cave
deposits seems to be related to the distribution of the ooelenterate
beds. He found the cave deposits to be lithologically distinct from
the surrounding rock and irregular in shape (some up to 30 feet wide)
and others could be traced upwards to the eroded surface of the reefs.126
He recognized three stages of infilling ofthese cave deposits,some
of which he considered to be, inpart, contemporaneous with the
development of the upper part of thereefs.The lowest stage is com-
posed of coarse sedimentor coarse sediment with a layer of nauti-
loids at the top.The second stage is finer-grained,well-laminated,
but irregularly stratified.The third stage is fine-grained, unstrati-
fied, and can be traced in verticalfissures to the top of the reef in
some places.Philcox found a number ofareas where the second
stage is associated with "pockets"(several feet across) of what he
believed to be "disarticulated nautiloidsepta" (see Figure 11).He
considered these pockets part of thecave system. Philcox suggested
that the caves may have been initiatedby "fissures developing by
gravitational collapse during mound building"and enlargement by
solution may have resulted from subaerialexposure.Philcox (1971,
personal communication) suggested thatthe "nautiloid septa" may
possibly be disarticulated trilobites,and an examination of theexpo-
sures supports this interpretation.
Trilobite accumulations in this reefcomplex were first men-
tioned by Norton in 1895. He statedthat "at the lower limequarry,
now abandoned, there are numerous nests of thesaucer-like cephalic
and tail shields of Illaenus ioxus. "The locality of this lower lime
quarry is in the vicinity of the pelmatozoan moundsdescribed by
Philcox as containing thecave system with the trilobite pockets.Figure11.Trilobite accumulation in the Gower Formation at
Palisades Reef Complex, Linn Co., Iowa, containing
disarticulated, convex-side-down Bumastus ioxus
parts.Note large cavity above accumulation.Photo-
graph taken 1975.
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An examination of this area shows that there are a number of trilobite
accumulations, some of quite large proportions.These accumulations
are characterized by disarticulated skeletal elements of Bumastus
ioxus preserved in a convex-side-down orientation.The trilobite
parts are so agundant thaty they occur in masses of stacked parts
several inches thick (see Figure 11).Most of the accumulations
are only about a foot wide, however, one mass occurs that is over
seven feet wide and two feet thick, containing several thousand
trilobite specimens, nearly all of which have a convex-side-down
orientation.Most of these accumulations are overlain by cavities
approximately the same width as the accumulation and several inches
thick.The cavities are similar to the clay-filled cavities overlying
the trilobite accumulations at the Horlick quarry, Racine, Wisconsin.
Their association with these trilobite accumulations indicates that they
are related to the deposition of the trilobites in a depression and may
represent a later overgrowth of a partially-filled depression, or
may result from modification by solution of some feature of the
trilobite accumulation.The trilobite Kosovopeltis acamus is occa-
sionally found with Bumastus ioxus in these accumulations.The only
other fossils observed were a few nautiloids and brachiopods.The
accumulations contain very little, if any, pelmatozoan debris or other
attached benthos found in the surrounding rock.In one of the accumu-
lations a large number of Kosovopeltis pygidia were concentrated at129
the top of the accumulation,suggesting some possible current-
sorting.In Hinman's (1968) study of other Gowerreefs in eastern
Iowa, he reported finding Bumastus ioxus andCalymene- sp. in two
other reefs (Mitchell and Sneckloth).The Bumastus were found in
disarticulated masses Hinman, 1970, personal communication)
as were those described from Palisades reefcomplex.
Wyoming Quarry
The Wyoming quarry, east of Wyoming,Jones County, Iowa,
exposes five to six sma.11 reefs.The exact stratigraphic position
of the rocks exposed in thisquarry is uncertain. Witzke (1976)
assigned them to the Hopkinton Dolomite,but there are not strati-
graphically useful fossils present andthe overall lithology is not
readily identifiable withany of the other Hopkinton units.The pres-
ence of the illaenid Bumastus ioxus and the absenceof the illaenid
Stenopareia suggest a Late Wenlockianor younger age for these
beds, and the exposuresare probably equivalent to parts of the
Gower Formation.The inter-reef and reef flank bedsare poorly
fossiliferous.The reef cores are fossiliferous andcontain abundant
pelmatozoan debris withsome tabulate corals. A number of trilobite-
cephalopod accumulationsare present in these reefs and large cavity-
like structures are present abovethe accumulations.The accumula-
tions consist primarily of smallspecimens of Phragmoceras and other130
nautiloids.Small disarticulated trilobite specimens, primarily
Kosovopeltis, are also common. Of particular interest is the occur-
rence of a number of flat, platy specimens of the brachiopod
Megastropheodonta.Overall morphologic characteristics of the
valves of this brachiopod are similar to some trilobite parts in both
size and shape.The composition of the trilobite fauna of this accumu-
lation is indicated in Table 27 and the composition of all taxa in the
accumulation is given in Table 28.
Northwestern Illinois
A number of reefs are known in the Racine Dolomite of north-
western Illinois.In a reef at Cordova, Whiteside County, an accumu-
lation of disarticulated Kosovopeltis acampis with rare Cheirurus sp.
was found in association with a tabulate coral (Philcox, 1970, per-
sonal communication). Specimens of a species of Arctinurus like
that found in the reefs at Racine, Wisconsin, are also present in
this reef, but are rare. At Morrison, Whiteside County, Illinois,
Kosovopeltis acamus is found with Bumastus sp. A in reef beds.No
other data are available from this poorly studied area.
Thornton Reef
The Thornton reef, near Chicago, Cook County, Illinois, is
one of the best-exposed and well studied Silurian reefs in the3.31
Table 27.Composition of the trilobite fauna in the trilobite-
cephalopod accumulation in the Wyoming quarry,
Jones County, Iowa (see Appendix I for locality
details).
Percent of
trilobite fauna
Arctinurus sp. 3.4%
Ceratocephala sp. 3.4
Cheirurus sp. 3.4
Dicranopeltis sp. 6.8
Kosovopeltis acamus 51.7
Calymene sp. 6.8
Bumastus sp. 8.6
proetid 5.1
Encrinurus sp. 3.4
Number of trilobite
individuals 58132
Table 28.Composition of the fauna of the trilobite-cephalopod
accumulation in the Wyoming quarry, Jones County,
Iowa (see Appendix I for locality details).
Taxon
Percent of
total fauna
Trilobites 27.2%
Cephalopods 45.0
Brachiopods 14.5
Tabulate corals 0.4
Stromatoporoid? 0.4
Rugose corals 2.3
Cornulites 2.3
Bryozoans 1.8
Crinoids 0.4
Gastropods 2.8
Bivalves 2.3
Number of
specimens 213133
Great Lakes area.The reef began developmentin the Joliet Forma-
tion (McGovaey, 1978), however,most of its development islocated
in the Racine Dolomite.The reef ranges inage from Welockian
through Ludlovian, andpossibly into Pridolian (Shaver,1976).
Bretz (1939) presented the firstdescription of the overallgeometry
of the reef, recognizingit to be a large structureapproximately one
mile in diameter. Lowenstam(1948, 1950, 1952, 1957)made a
detailed study of thepaleoecology of the Thornton reef,which was
used as a major examplein formulating his ideason the development
of Silurian reefs in theGreat Lakes areas.Lowenstam described
the Thornton reefas representing a late stage,rough-water phase
of development.Ingels (1963) described thereef from a more sedi-
mentological standpoint anddivided it into a number ofdifferent
biosomes. All three of theseworkers believed that at leastthe upper,
exposed portion of the Thorntonreef was organically constructed
and developed ina high-energy, shallow-waterenvironment.
A somewhat, differentview has recenity beenexpressed by
Pray (1976) and McGovney(1978).Based primarilyon sedimentologi-
cal evidence they interpretedthe Thornton reefas a deep-water
carbonate buildup whichwas inorganically cemented.They suggested
that the reefmay have reached a high-energyenvironment in the now-
eroded portion of the reef, butthey considered currentexposures
to have primarily developedin a low-energy environment.These134
interpretations do not adequately explainthe biologic characteristics
of the Thornton reef, suchas the extensive development of the
Kirkidium Community (Inge 1st, 1963,Conchidium and Pentamerus
Biosomes) which is usually foundin high-energy, shallow-water
environments; the localization ofcorals and stromatoporoidsin
the center of the reef, possiblyindicating higher-energy at that
place; and the decrease in diameterof pelmatozoan stems atincreas-
ing distances from thecenter of the reef, indicatingpossible winnow-
ing.
Mikulic (1976) described thedistribution of trilobites in the
Thornton reef.Trilobite-cephalopod accumulations,containing
disarticulated trilobites orientedconvex-side-down, account for
most of the trilobites found in theThornton reef (see Figure 12).
These accumulationsare usually dominated by either Bumastus
insignis or Bumastus cf.springfieldensis, but accumulationsdomi-
nated by the lichid Arctinuruschicagoensis are also known.Accumu-
lations with predominant smallcephalopods and with the lichidLichas
pugnax are also present.Trilobites outside of theseaccumulations
are rare, but the same taxaoccur. See Table 39 for general
trilobite occurrence.The trilobite accumulationsare generally
confined to the central reefcore and flank beds or are foundassoci-
ated with small "satellite reefs." McGovney (1978)mentioned
Bumastus being common ina small satellite reef near the freeway135
Figure 12.Trilobite accumulations from the Thornton quarry; see
Figure 13 for exact localities.
A: Looking up at an in situ accumulation at loc. 11
composed predominantly of disarticulated convex-side-
down Bumastus insignis. Some orthocones (Dawson-
oceras) are also present.
B: Underside of slab of trilobite accumulation from
loc. 8 containing Bumastus cf. springfieldensis which
are disarticulated and in a convex-side-down orienta-
tion.136
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bridge.Volumetrically, the trilobite-cephalopod accumulations
represent a very small part of the entire reef.
Mikulic (1976) listed trilobites at various locations in the
Thornton quarry (see Figure 13 for locations).
Location 1:In Ingels' (1963) Crinoid Biosome, contained a
few Bumastus, Sphaerexochus, and Cheirurus, as isolatedspeci-
mens.
Location 2:Ingels' samples from his Cephalopod Biosome
contained common Lichas pugnax, with Dicranopeltis,Ceratocephala,
and abundant small cephalopods.
Location 3:Inge ls' Trilobite Biosome contained scattered
trilobites and several large accumulations with abundantspecimens.
The dominant trilobites in these accumulations areBumastus cf.
springfieldensis, common Sphaerexochus, and rare Calymene,
Ceratocephala, Cheirurus, and Zncrinurus. Most Bumastuspygidia
and cranidia in these accumulations were orientedconvex-side-down.
Location 4: Several large accumulations containing adiverse
trilobite fauna were found.Bumastus insignia is the dominant
trilobite with fewer Ceratocephala, Cheirurus, Lichas pugnax,
Arctinurus chicagoensis, Calymene, Dicranopeltis, and undeter-
mined scutelluids and proetids.Gastropods, brachiopods, stromato-
poroids and corals are common outside of this accumulation.North
of this a few Sphaerexochus were found in crinoidal rock.138
Figure 13. Map of the Thornton quarry, Thornton, Cook Co.,
Illinois, showing localities in the Racine Dolomite
mentioned in the text.Modified from Mikulic (1976,
Figure 21).Reef occupies nearly the total area of
the diagram.Center of reef is approximately at
locality 1.94
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Location 5: Scattered specimens of Bumastus, Sphaerexochus,
and Calymene were found with more typical core fauna.
Location 6: Scattered specimens of Bumastus insignis and
Calymene occur in Ingels' Coral Biosome.
Location 7: A small accumulation of Bumastus insignia with
some Cheirurus in association with a tabulate coral was found here.
Location 8: A large number of Bumastus cf. springfieldensis
were found associated with scattered Arctinurus chicagoensis.
Occasional gastropods and cephalopods were also found.This
accumulation may have been associated with a satellite reef.
Location 9: A few Bumastus insignis, Arctinurus, and
Cheirurus are associated with several small cavities in a satellite
reef.
Location 10: An accumulation of abundant Arctinurus chicago-
ensis was found; a few Bumastus also present (see Table 29).
Location 11: A large accumulation containing a diverse
trilobite fauna dominated by Bumastus insignis is located on the
north side of a small satellite reef.Ceratocephala, Bumastus
chicagoensis, Lichas pugnax, and Arctinurus chicagoensis are
present in this accumulation. Dawsonoceras and other orthocones
are fairly common.141
Table 29.Orientation of parts of the trilobites, number of parts,
and composition of the trilobite fauna in a trilobite
accumulation at Location 10 in the Thornton reef,
Thornton, Cook County, Illinois.(See Figure 12 for
exact location of Location 10)
Percent Number Percent of
with each of trilobite
orientation Parts fauna
Arctinurus chicagoensis
cranidia-up 28.5% 10
c ranidia- down 71.4 25
hypo storne s -up
hypostomes-down 100.0 18
pygidia-up 31.0 23
pygidia- down 68.9 51
free cheek
Bumastus sp.
pygidia-down 100.0 7
91.3%
8. 6142
Lemont
Lowenstam (1948) described a trilobite accumulationfound in
the side of a small reef near Lemont, Cook County, Illinois.At this
locality Lowenstam found three reefs which he considered tobe
embryonic.The top of one of the reefs had been exposed by stripping
and was "coffin-shaped, " measuring five feet in lengthand 18 inches
in height, with the axis trending east northeast.The enclosing beds
arch over and dipped under the reefs and inclined flank beds were
lacking.The reef cores consist of structureless, light brown, fine-
grained, slightly porous dolomite, and the inter-reef beds are
slightly argillaceous with discontinuous shaly green partings.With
increased distance from the reefs the inter-reef depositsbecome
slightly cherty, containing partially silicified fossils.Lowenstam
reported the following from these reefs (1948, p. 31-32):
No fossils were located in the exposed reef cores.
A few poorly preserved, silicified, colonial corals were
found, however, at the periphery of the reefs.Fossils
are fairly common in the basal reef nearinter-reef
deposits.The colonial corals form the main constituent
of the assemblages and comprise the same elementsthat
are found in the underlyingbeds.The coral associated
consist of brachiopods, orthoceracone cephalopods,
Loxonema sp., Calymene celebra and Zncrinurus sp.
Coral colonies in overturned positions are not uncommon.
The carapace of a Calymene celebra specimen was found in
the unstable resting position with the ventral side facing
upward.
A large assemblage of dismembered trilobite remains
occurs locally in the inter-reef strata atthe edge of one
of the higher reefs, piled up against the clumps of the143
skeletons of colonial corals.The individual carapace
elements display random orientation by resting at vari-
ous angles in the sediments.The accumulation density
is variable.The carapace elements are commonly
separated from each other by thin partitions of the en-
closing sediment, but may occur densely crowded and inter-
wedged in places.The assemblage consists almost entirely
of Bumastus remains.Glabellae and pygidia are domi-
nantly represented and are found intermingled with free
cheeks and thorax segments. The singular representation
of a complete carapace of Calymene celebra and of a
Dalmanites cephalon in the Bumastus assemblage is note-
worthy.The carapacial elements of the Bumastus assem-
blage include two distinct species, Bumastus cf. graftonensis
and Bumastus cf. armatus; the identification of these re--
mains is unsatisfactory, since the individual skeleton ele-
ments could not be freed entirely from the matrix.
With increased distance from the reef, the colonial
corals decrease numerically...
An examination of the trilobite specimens collected by Lowenstam
show that the skeletal elements are predominantly oriented in a
convex-side-down position and occupied an area of about two square
feet, being about one to two inches thick.The trilobites are
Bumastus cf. graftonensis.
Northeastern Illinois
Diverse trilobite faunas are known from two reefs (Hawthorne,
Bridgeport) in the Racine Dolomite of the Chicago area, Cook County,
Illinois (see Appendix I for locality details).Both of these reefs
can no longer be examined, with the Hawthorne reef being covered
and the Bridgeport reef being inaccessible.Examination of speci-
mens in old collections, however, reveals that trilobite accumulations144
were probably common in these reefs.Bumastus insignis was found
in the accumulations at Hawthorne, while at Bridgeport Bumastus
armatus, Bumastus harrisi, and Bumastus transversalis have been
found in separate accumulations (see Table 29 for comparison of the
trilobite faunas of these reefs).Accumulations of Arctinurus
chicagoensis have also been found at Hawthorne.
At McCook, County, Illinois (see Appendix I for locality details)
accumulations of Bumastus insignis have been found (R. Gutschick,
1977, personal communication; Lowenstam, 1979, personal commu-
nication), but little else is known about the trilobite fauna.
At Conchidium Hill, near Manteno, Kankakee County, Illinois
(see Appendix I for locality details) a reef having the same paleonto-
logic characteristics as Thornton reef is partly exposed.Bumastus
insignis, Cheirurus sp., Sphaerexochus romingeri, and Calymene sp.
are all present, but little information is known about their occur-
rence.
Indiana
Little detailed information is known concerning the distribution
and mode of occurrence of trilobites in the Silurian reefs of Indiana.
Reefs of Upper Wenlockian through Ludlovian age are numerous,
particularly in north-central Indiana, but few have been studied in
any kind of detail.145
A number of reefs in northwestern Indiana are faunally and
lithologically similar to Thornton reef.At Delphi (see Appendix I
for locality details) small accumulations of disarticulated Baumastus
insignis have been found in the central core of the reef located in the
south quarry (see Shaver, 1976, for location).At Francesville
(see Appendix I), Bumastus insignis is found along with Calymene
and Sphaerexochus (Mourdock, 1975).C. R. C. Paul (1977, personal
communication) reported that accumulations of illaenids are present
in this quarry.In the reef at Rensselaer (see Appendix I) Bumastus
insignis occurs, but no accumulations have been found.Paul (1977,
personal communication) reported finding an accumulation of large
orthoconic cephalopods in the reef at Monon (see Appendix I), but
no trilobites were present.
To the east, at Montpelier (see Appendix I), Wahlman (1974)
reported Bumastus insignis, Cheirurus sp., and Calymene sp. in
the fore-reef flank beds. An examination of this area revealed the
presence of several small accumulations of disarticulated specimens
of Bumastus insignis.
The Pipe Creek Jr. reef has been recently described by
Lehmann (1978).Trilobites include Bumastus cf. springfieldensis,
as at Thornton, along with Sphaerexochus sp. and Calymene sp.146
Western Ohio
At Rockford, Ohio (see Appendix I for locality details) a number
of small reefs are exposed in Wenlockian and Ludlovian age rocks
(Indiana University Paleontology Seminar, 1976). A diverse trilobite
fauna has been found in these reefs, including accumulations of
Arctinurus sp. and an undetermined illaenid.Other trilobites found
in these reefs include Hadromerus sp., Bumastus cf. insignis,
Bumastus aff. Harrisi, Sphaerexochus sp., and rare specimens of
Ceratocephala sp., Staurocephalus sp., Scotoharpes sp., Deiphon
sp., and a scutelluid.
A number of small reefs in the same beds as those at Rockford
are exposed at Celina, Ohio (see locality details in Appendix I).
Accumulations dominated by Bumastus cf. springfieldensis, with
Hadromerus sp., Dicranopeltis sp., and an undetermined illaenid
are not rare.The trilobites in these accumulations are disarticulated
and have a preferred convex-side-down orientation.Bumastus aff.
harrisi, Calymene sp., Scotoharpes sp., Arctinurus sp., and
Sphaerexochus sp. are also present in these reefs.
At Fairborne, Ohio (see Appendix I), accumulations of cephalo-
pods and gastropods occur in Lower Silurian bioherms (D. Kiss ling,
1976, personal communication).147
Irondequoit Bryozoan Mounds
The general depositional environment of the upper Irondequoit
Limestone in western New York and eastern Ontario has been de-
scribed in the discussion on the Rochester Shale trilobite association.
Work by Freedenberg (1976) and Brett (1978) has shown this part of
the Irondequoit to have developed in a high-energy, above-wavebase
environment. A number of small bryozoan mounds are present in
the upper few feet of this unit and are dealt with in the following dis-
cussion.
Ringueberg (1882) thought these mounds were accumulations of
organisms swept together by eddies and currents.Detailed informa-
tion was presented on the fossils occurring in these mounds by
Grabau (1901), but he did not suggest an origin for these structures.
Sarle (1901) gave an excellent description of the origin and character-
istics of these buildups, having examined over one hundred of these
structures. He found that they range in size from two to fifty feet
wide and one to fifteen feet thick, but most are rather small. Sane
also observed that nearly all of the buildups are confined to the
Irondequoit, but several project up into the overlying Rochester
Shale. He found encrusting bryozoans to be abundant in these buildups
and believed they were responsible for the development of these
mounds. More recently, Freedenberg (1976) described the148
depositional environment of the Irondequoit based primarily onsedi-
mentological evidence. He stated that the bryozoan moundsbegan
development in the high-energy, above-wavebase, pelmatozoan-rich
beds of the Irondequoit. He attributed the development of themounds
to the entrapment of sediment by the baffling effect ofthe bryozoans
and stated that "because of the large amount of fine grainedmaterial
entrapped and the delicate nature of the entrapping biota" themounds
most likely developed in a below-wavebase environment.This contra-
dicts the high-energy origin of the mounds which he earlierindicated.
Freedenberg also thought that the mounds developed beforeRochester
Shale deposition. He was able to examine only two mounds,both of
which projected up into the Rochester Shale, but as indicated bySarle
these are not typical.
Sarle (1901) presented evidence indicating that at least some
of these mounds continued development during Rochesterdeposition.
He gave a detailed description of the Niagara Gorge moundlocated
just north of the Niagara Generating Plant as follows:
All the lenses observed, with possibly four or five
exceptions, terminated with the limestone of which basally
they are always a part.One exception is the mass at the
third watchman's but (see Figure 14).This starts with a
thickening of perhaps the upper two feet of the limestone,
of which the capping ten or twelve inches is of darker color
and made up of a mass of drifted brachiopod shells and
other remains of Niagara type.This stratum is slightly
thickened on the right side of the lens and thins out beneath
its edge, while on the left side it fuses into the lens.A
limestone parting three or four inches thick in the Rochester149
Figure 14.Sarle's bryozoan in the Irondequoit Limestone mound,
located just north of the Niagara Generating Plant,
Niagara Gorge, in New York. Photograph by G. K.
Gilbert (No. 1770) U. S. Geological Survey, ca. 1889.
Photo courtesy of the U. S. Geological Survey Photo-
graphic Library.Figure 14151
Shale above and midway on its sides, also fuses into this
mass.The lens carries several inclusions of shale, appar-
ently of the same character as that abutting its sides and
arching over its dome-shaped top.These may have started
as surface pockets like those in the top of the same mass...
which might very naturally have become enclosed in the same
way had the growth continued longer.These facts point to
the growth of the mass contemporaneously with the deposi-
tion of the surrounding Rochester shale.
This mass was one surviving the limestone period.
The species of brachiopods and bryozoans found are mainly
forms to have lived on into the shale period.This limestone
dome projecting through the silt flow, probably continued for
some time to be the center for attached forms.Brachiopods
are remarkably abundant in the basal portion and compara-
tively rare in the upper.This mass also contains several
trilobite pockets.(Figure 15 shows roughly the arrange-
ment of the various elements as displayed in the present
section of the mass. From the configuration of the beds
beneath on the right side and their slope, it is evident that
the portion of the mass broken away extended considerably
lower on that side.The extinction of the life of the mass
probably occurred about the time the silts reached the level
on its sides, indicated by their extension over its top. )
(Sarle, 1901, p. 293-294)
Based on Sarle's description and Figure 15 it can be concluded that at
least some of this mound was developing during Rochester Shale depo-
sition.Freedenberg (1976) pointed out that the lack of Rochester
sediment within normal mound lithology would be illogical if the
mound was constructed by sediment baffling and entrapment by
bryozoans during Rochester deposition. He found no Rochester
sediment in the normal mound lithology.Sarle's mound in Niagara
Gorge was in part contemporatneous with Rochester deposition and
the lack of Rochester sediment with the normal mound lithology
(excluding shale pockets) indicates that there was little or no baffling152
Figure 15. Diagramshowing the distribution oforganisms i-n-Sarle's
bryozoan mound in theIrondequoit Limestone (seeFigure 15).Note the temporary lateralexpansion of mound in
Rochester Shale, indicatingcontemporaneous development
of mound with Rochesterdeposition.Trilobites are dis-
articulated, convex-downspecimens of Bumastus ioxus.
Modified from Sarle (1901,p. 293).. . -
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of sediments by bryozoans. Most of the bryozoans in these mounds
are encrusting forms which have little potential for baffling anyway.
Furthermore, Brett (1978) observed that a number of mounds had few
or no bryozoans present.Therefore, it would seem that most of
the sediment of these mounds was generated in place and calcareous
algae may have been responsible for most of it, as suggested by
Brett.
The baffling concept of organisms in the formation of carbonate
buildups is primarily an outgrowth of Ginsburg and Lowenstam's
(1958) observations on sediment baffling by Thalassia grass in
modern seas.It should be pointed out that grass and filter-feeders,
such as bryozoans and pelmatozoans, are radically different organ-
isms.Low-lying bryozoans, but not long-stemmed pelmatozoans,
extending no more than an inch or two above the substrate would
likely be adversely affected by the baffling of sediments, and instead
of mound development isolated vertical growing colonies would be
more prevalent, as observed in the overlying Rochester Shale by
Brett (1978).Pelmatozoans are likewise adversely affected by large
or rapid influxes of sediment (Watkins and Hurst, 1977), and appar-
ently are best adapted to environments with low rates of sedimenta-
tion.Baffling by pelmatozoans might be accomplished if the sediment
was being transported below their feeding level, but this would be
detrimental to filter-feeding organisms at lower levels.The build-up155
attributed to baffling of other mounds in the geologic record should
be re-examined in light of the Irondequoit buildups.
Brett (1978) also found evidence for early lithification of these
mounds in the presence of pelmatozoan holdfasts within the mounds,
indicating a hard surface, and clasts of lithified mound rock present
in the Irondequoit.
A significant feature of these buildups is the large accumula-
tions of disarticulated trilobites, primarily Bumastus ioxus.Hall
(1852, Plate A66, Figure 9e) figured a sample of one of these accumu-
lations from an unspecified locality in the Clinton Group of New York,
noting that Bumastus occurs in disarticulated, closely packed accumu-
lations in some areas. Ringueberg (1882) in his description of the
Irondequoit bryozoan mounds mentioned that (p. 711-712):
The upper surface is extremely irregular and undulating;
having the appearance of being drifted together.This is also
corroborated by the position of many of the fossils, which
seem to have been swept together by eddies, which at the
same time were charges with sedimentary matter by which
they were entombed as we now find them.
Thus immense numbers of the cephalic and caudal
shields of Illaenus barriensis will be found in the space
of perhaps ten or fifteen inches, and outside of this ac-
cumulation there will not be any except a stray one or so.
In one vertical section of the stone in my collection,
two inches in diameter, the fracture shows thirteen shields
of this trilobite crowded one above the other.It also does
not seem to have any very regular lines of stratification.
Grabau (1901) described the biota of these mounds, noting that the
bryozoan mounds near Lewisburg, New York, were rich in156
cephalopods and the trilobite Bumastus ioxus. He also reported
that Calymene was found rarely with the Bumastus. Sarle (1901, p.
292) discussed the biota of these mounds, stating:
The favorable conditions are shown by the large size of the
trilobites, Calymene and Ceraurus. The head shields of
the latter often indicate individuals five or six inches long.
In these facts we find an explanation for the occurrence in
these lenticular thickenings of communities of brachiopods,
for the aggregates of cephalopod shells, for the great num-
bers of trilobite moultings, and for the abundance of other-
wise rare forms.
The manner of occurrence of the trilobites is striking.
Their exuviae are commonly found in groups or pockets,
sometimes of one speceis, but more often of two or three.
They may appear to be entirely absent from some masses,
or to occur in two or three parts, or atdistinct levels in
the same mass. The head and tail shields of Il laernis are
almost invariably inverted and generally packed together,
one inside the other, like broken egg-shells.These cache-
ments may represent the action of light currents in shifting
the tests into depressions in the irregular surface.But
the position of some of these moultings suggests that they
were left in crannies and silt-lined depressionswhich were
inhabited by trilobites, attracted to these growths by the
food supply.Outside of the lenses trilobites are rare.
Cephalopods are not unusual in the surrounding lime-
stone but in the lenses they occur grouped like the trilobites.
They are commonest in those masses in which the trilobites
are found, and the two forms are frequentlycomingled.
Sarle indicated that nine genera and ten species of trilobites are pres-
ent in these reefs, but only five taxa have been observed inthis
study.
Recent examination of the Irondequoit reefs has supplied more
information on the occurrence of the trilobite accumulations.The
bryozoan mounds along the old Rome, Watertown, and Ogdensburg157
Railroad, near Lewiston Heights,New York are now poorly exposed
due to slumping, buta few examples of the trilobite-cephalopod
accumulations containing disarticulatedBumastus ioxus withrare
Kosovopeltis sp. and the cephalopodDawsonoceras were found.The
Sarle mound in Niagara Gorgehas not been significantlyaltered
since his descriptionwas made in 1901.Trilobite accumulations
composed of abundant disarticulatedBumastus ioxus witha common
convex-side-down orientation, andrare specimens of Kosovopeltis
sp. and Calymene sp. were found in thesame places indicated by
Sar le.Just south of the generatingplant, a similar mound is located
containing the same types oftrilobite-cephalopod accumulations(see
Table 30).Almost directly across NiagaraGorge from these sites,
on the Adam Brook Power Plantaccess road, in Ontario, is another
mound containing accumulations ofdisarticulated, convex-side-down
Bumastus ioxus and cephalopods.
Llandoverian Buildups in NorthAmerica
Llandoverian carbonate buildupsin North Americaare rare and
little is known about their trilobitefaunas.The Llandoverian buildups
in eastern Iowa have alreadybeen described in the sectionon the
Hopkinton Dolomite.
At Neda, Wisconsin,a small accumulation of the illaenid
Stenopareia occurs in a disarticulatedstate and a convex-side-downTable 30.Trilobite composition and faunal composition of a
trilobite-cephalopod accumulation in an Irondequoit
Limestone bryozoan mound on the south side of the
Niagara Generating Plant on the New York side of
Niagara Gorge.All Bumastus ioxus specimens were
oriented convex-side-down.
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Percent of
trilobite fauna Taxa:
Percent of
fauna
Cephalopods - 6. 6%
Gastropods - 1.1
Brachiopods - 5.5
Trilobites - 86. 8
Trilobites:
Bumastus ioxus 87. 3
Cheirurus sp. 3. 8
Illaenoides sp. 1.3
Kosovopeltis sp. 5. 0
Calymene sp. 2. 5
Total number of
trilobite individuals 79159
orientation in the main reef on the north side of the Northwestern
Pit, supporting the theory that this is a true carbonate buildup.
At Ashford, Fond du Lac County, Wisconsin, the old railroad
cut in Section 2 of Ashford Township, appears to be located in a
carbonate buildup belonging to the Schoolcraft Member of the
Manistique Formation. Chamberlin (1877, p. 356) mentioned that
the rock here is a "soft yellowish dolomite of irregular texture and
bedding and is specially interesting for the variety, abundance, and
peculiarity of its fauna." He listed (p. 350) a high-diversity fauna
from this locality, especially compared to other Schoolcraft (Lower
Coral Beds) exposures.The fauna includes a number of gastropods,
cephalopods, and illaenids.The exposures are now overgrown, but
a few loose blocks can still befound.The matrix and fauna is
"reefal" in character. An examination of specimens from this
locality in the Greene Museum (University of Wisconsin-Milwaukee)
indicates that Stenopareia is present.
In the Fiborn Limestone of the Hendricks Member of the Burnt
Bluff Formation at the Inland Lime and Stone quarry in Mackinac
County, Michigan, several small bioherms occur (Ehlers, 1973).
The trilobites include common specimens of the illaenid Stenopareia,
along with scutelluids, lichids, proetids, and calymenids.
Grawberger (1977) found accumulations of disarticulated
"bumastids" in the Manitowaning Bioherm in the Manitoulin Dolomite160
in Manitoulin Island, Ontario.This accumulation was found in
subunit 4, which is an above-wavebase environment (Grawbarger,
1978).The trilobites in this accumulation are predominantly
Stenopareia sp. (D. Grawbarger, 1979, personal communication),
and specimens of Stenopareia were found in a reef core exposed in
a road cut in the same area on Grawbarger's study.
Baltic Area
Gotland.Silurian reefs and carbonate cuildups are common
on the island of Gotland, off the coast of Sweden, in the Baltic Sea.
They range in age from Late Llandoverian through Ludlovian. A
number of different types of buildups are present, ranging from low-
energy coral-stromatoporoid mounds to high-energy stromatoporoid
reefs.Manten (1971) published an extensive account of the general
characteristics and distribution of the Silurian reefs on Gotland.
While many of the Gotland structures are considered to be true
reefs, Watkins (1979b) has suggested that the buildups in the FlOgklint
Beds, near the city of Visby, are low-energy mud mounds, composed
of an unspecialized level-bottom biota, found along a shelf margin.
These bioherms contain stromatoporoids, crinoids, tabulate corals,
and calcareous algae, in approximately that order of abundance.
Watkins found the brachiopod fauna to represent a low-energy
Dicoelosia Community. Upward in the mounds there is a change in161
the biota, with rhynchonellidand smooth spiriferid brachiopods
becoming common and calcareousalgae replacing corals and stro-
matoporoids as most abundant.Beds surrounding these buildupsare
high-energy deposits dominated bypelmatozoans and common bryozo-
ans.The trilobites found in thesebioherms are typical of those
found in other Silurian carbonatebuildups.Illaenids and lichidsare
most common andare found in the typical accumulations ofdisarticu-
lated specimens.Table 31 shows the characteristicsof the trilobite
fauna found in several of the HOgklintmounds. Manten (1971)pre-
sented some generalizedinformation on the comparison oftrilobites
in the lint reefs with those of thesurrounding crinoidal flank
beds (see Table 32).Bumastus is more typical in thereef beds,
whereas Encrinurus ismore typical of the crinoidal beds.
A number of other reefswere examined in other stratigraphic
units on Gotland, but trilobiteswere seldom observed. At Horsne 4
(see Laufeld, 1974), five proetidsand one Calymenewere found in
lensoidal-like accumulations ina reef in the Ha lla Beds.
Table 32 presents additionalcomparison of the trilobite faunas
between reefs and surroundingcrinoidal flank beds for the Sliteand
Hense Beds based on Manten (1971).A comparison of these datawith
that of the I-15gklint Beds showsthat, in general, bumastidsare more
commonly found in reef environments,whereas encrinurids and
calymenids are more typical of thecrinoidal beds; however,no162
Table 31.Characteristics of trilobite occurrence in various
FlOgklint reefs in the Silurian of Gotland.See Laufeld
(1974) for locality information.
Korplinkt 1
Small accumulation of small,
disarticulated specimens of
Bumastus sp. oriented convex-
side-down; one accumulation
of Proetus.
Ireviken 1
Small accumulation containing
4 Bumastus, 3 Arctinurus,
2 Calymene, and cephalopods.
Ireviken 2
Small accumulation of large,
disarticulated Bumastus.
Galberget 2
Several hundred disarticulated
small Bumastus found in an
accumulation; a few Arctinurus
also present.
Galgberget
Several small accumulations of
disarticulated small Bumastus
oriented convex-side-down found in
biohems in upper 20 feet of Hagklint;
one accumulation contained a few
specimens of Arctinurus, another
contained a few specimens of Calymene.Table 32.Comparison of the trilobite occurrence inreef cores and surroundingcrinoidal flank beds in The HOgklint Beds, Slite Beds,and Hemse Beds of the Silurian of Gotland.Numbers represent the number oflocalities in each unit at whichtrilobites are found in eachenviron- ment.Data from Manten 1971).
Trilobites
HOgklint Beds Slite Beds Hemse Beds Reef
core
Crinoidal
flank beds
Reef
core
Crinoidal
flank beds
Reef
core
Crinoidal
flank beds
Arctinurus 1 1 1
Bumastus 4 2 5 3 1
Calymene 3 2 2 7 1 2
Encrinurus 1 3 4 7 2 3
Proetus 1 - 3 1 4 4
Dalmanites - - - 1 1 1
Sph aerexochus - 1 2 1
Number of localities
of each environment 6 4 10 10 8 5164
genera are limited to eitherenvironment.Collections from Gotland
in the Riksmuseet in Stockholm,show that accumulationsof dis-
articulated specimens of Bumastussulcatus were found in the Slite
Beds and accumulations ofBumastus cf. pallensare also known
from an unspecified stratigraphichorizon on Gotland.
Estonia.There a number of small biohermsin the Llandoverian
and Wenlockian of 7stonia.Mannil (in Kaljo, 1970)reported that
Arctinurus is abundant insome of the Upper Wenlockian bioherms.
Photographs of samples fromthese bioherms show smallconcentra-
tions of disarticulated Arctinuruswith rare Calymene. Ma'nnil(1979,
personal communication) statedthat Arctinurus does notoccur in
dense accumulations, but isquite common in places insome of these
bioherms. He added that illaenidsoccur in great numbers in some
Lower Llandoverian bioherms,including disarticulatedspecimens
of Stenopareia, associated withtabulate corals.
Kazakhstan
M. Apollonov (1977, personalcommunication) reported that
convex-side-down oriented trilobiteaccumulations are associated
with Silurian bioherms inKazakhstan.
Greenland
A number of large carbonatebuildups are known from the165
Llandoverian and Wenlockian of northern Greenland. Mayer(1976)
reported Bumastus and Scutellum from Wenlockian? reefs of southern
Peary Land. Lane and Thomas (in press) reported a large variety
of trilobites from reefs of this area; various scutelluids and
cheirurids are most common, along with Stenopareia, Youngia,
Calymene, Scharyia, proetids, lichids, and other trilobites.
In northwestern Greenland, reefs of Llandoverian age have
produced scutelluids, cheirurids, illaenids, and other trilobites.
B. S. Norford (1977, personal communication) stated that someof
the trilobites occur in pockets of disarticulated specimens stacked
one on top of the other.J. M. Hurst (1977, personal communication)
reported having found a piece of a trilobite accumulation from a
reef-derived clast in the same area.
Japan
Kobayashi and Hamada (1974) listed a large number of trilobites
from a "frontal reef flank" of the Yokokura reef (Ludlovian) at Mt.
Yokokura on Shikoku Island, Japan.They reported that Sphaerexochus,
Bumastus, Bumastella,ncrinurus, Gerastos, and Cerauroides are
most abundant and diverse, while Japanoscutellum, Kosovopeltis,
Microscutellum, Illaenoscutellum, Apolichas, Phacops, Bohemi-
proetus, Decoroproetus, Staurocephalus, Proetus, andTosacephalus
are not as common and less diverse.They noted that Sphaerexochus166
and Bumastus are gregarious in some places of the reef, sugges ting
possible accumulations such as those found in other reefs.
Distribution of Non-silurian Trilobite-Cephalopod
Accumulations Through Time
Trilobite-cephalopod accumulations in carbonate buildups from
periods other than the Silurian (which were previously described), and
their distribution through time will be discussed below.
Cambrian
No trilobite-cephalopod accumulations have been reported from
the Cambrian, which may, in part, reflect the limited occurrence
of carbonate buildups in this period.
Ordovician
Various types of trilobite-cephalopod accumulations are com-
mon features of many Ordovician carbonatebuildups.
D. Toomey (1978, personal communication) reported finding
nautiloid siphuncles in channels cut into the tops of small Lower
Ordovician bioherms in southwestern Texas.
The Middle Ordovician bryozoan buildups in New York and
Vermont are known to contain trilobite accumulations (R. Flower,
1976; F. Shaw, 1978, personal communication) and nautiloid167
accumulations (R. Flower, 1976, personal communication).
D. Toomey (1979, personal communication) found orthocones here
It compressed horizontally intoone another for a total length of 12
feet" in cracks or crevasses in the buildups.
Whittington (1963) reported finding disarticulated trilobites in
patches in the Middle Ordovician reef at Table Head, Newfoundland.
These accumulations are generally a mixtureaof Bathyurellus,
Illaenus, Cydonocephalus, and Apatolichas, which are common.
Rarer cephalopods, brachiopods, and gastropods also occur. E.
Kindle (1979, personal communication) suggested that these trilobites
may have come to the cavities in the reef to molt.
The Middle Ordovician "mud mound" at Meiklejohn Peak in
southwestern Nevada contains nests or pockets of nautiloids (Ross
1975), but trilobites, which are common in the rest of the
mound, have not been reported in the accumulations.
In the Middle and Upper Ordovician rocks at Dalarna, Sweden,
trilobite and cephalopod accumulations are common. Thorslund (in
Thom; lund. and Jaanusson, 1960) stated that nests or lenses of trilobites
or brachiopods occur along with rare nests of gastropods and cephalo-
pods, Many of the nests contain specimens of only one species or
genus, He mentioned that the trilobites Illaenus, Eobronteus, and
Holotrachelus are found in the nests,C. Auton (1977, personal
communication) found the trilobites in the Upper Ordovician buildups168
at Dalarna to occur in fissure-fillings, as well as in depressions and
Other similar structures.The fissure-filling are not contemporaneous
with adjacent rocks. Auton further stated that monospecific accumula-
tions are very rare and that accumulations which appear as such are
probably the result of sampling bias.Owens (1979) described a
single accumulation containing thousands of specimens of the small
trilobite Cyamops stensioei from one of the buildups in this area.
These specimens are partially articulated, but nealy all lack free
cheeks. Owens suggested that this accumulation was deposited within
a sheltered cavity where the trilobites may have gone to molt.
In the Upper Ordovician Keisley Limestone of northern England,
accumulations of trilobites and cephalopods are known from carbonate
buildups (Reed, 1897).
M. Apollonov (1977, personal communication) stated that
trilobite accumulations similar to those in the Silurian reefs of the
Great Lakes area are found in Ordovician bioherms of Kazakhstan.
In Upper Ordovician carbonate banks in the Ringerike area of
Norway cephalopods are found in localized accumulations (N. Hanken,
1978, personal communication).
Devonian
Trilobite-cephalopod accumulations are found in a number of
Devonian reefs and carbonate buildups, but they do not seem to be as169
prevalent as in the Silurian even though carbonate buildups are more
numerous and widespread worldwide in theDevonian. Accumulations
in Devonian and later periods contain a more diverse biotathan is
usually found in the Ordovician and Silurian.Bivalves, brachiopods,
gastropods, and other organisms are commonly found with the trilo-
bites and cephalopods, but near-monotaxic accumulations of each of
these groups are still common.
In the Lower Devonian Kone-prusy reef, near Prague, Czecho-
slavakia, Chlupac (1955) has described accumulations of disarticulated
exuviae of scutelluids and phyllocarids in basin-shaped depressions.
I. Chlupac (1977, personal communication) noted three typesof
accumulations. One contained only scutelluids; the second contained
scutelluids, harpids, proetids, with rare cheirurids and odontopleur-
ids; and the third type contained predominantly phyllocarids with a
few scutelluid, harpid, and proetid trilobites.Cephalopods did occur
in these accumulations, but were uncommon. More recently, Chlupac
et al. (1979), referring to the same accumulations,stated that
(p.139):
Some trilobites are concentrated in the fillings of the
neptunian dykes, and it might be presumed that these
species were adapted to living conditions just in the open
hollows and caves of the neptunian dykes themselves (e. g.
Signatops signatus, Wolayella celox, Quadratroproetus
pygolf, Paralejurus dormitzeri dormitzeri).
Accumulations of disarticulated specimens of scutelluids and
cheirurids are also known from Lower Devonian reefs in Morocco170
(G. Alberti, 1977, personal communication).
Krebs (1974) has described localized brachiopod-molluscan-
coral accumulations, which also contain some trilobites, in Middle
Devonian reefs of West Germany. These accumulations can be found
in "layers, channels, nests, or cave-like depressions at the fore
reef slope." Scutelluid trilobites are found in the accumulations
(W. Krebs, 1979, personal communication).
The Middle Devonian reef at Lummaton Hill in south Devon,
England, contains shell beds of brachiopods, bivalves, gastropods,
and trilobites (including scutelluids, harpids, lichids, and odonto-
pleurids) (Scrutton, 1978).These accumulations are about three feet
in diameter, contain few cephalopods, and represent infillings of
irregularities in the reef (E. B. Sellwood, 1978, personal communi-
cation).
In the Upper Devonian reef complex of the Canning Basin,
Western Australia, lenticular masses, up to one meter thick, of
cephalopods are found. Some disarticulated scutelluids, proetids,
and harpids are included (P. Playford, 1978, personal communica-
tion).
C. Teichert (1978, personal communication) has also reported
cephalopod accumulations from Silurian-Devonian reefs in Pakistan.171
Carboniferous
Trilobite-cephalopod accumulations are present in a number
of Carboniferous buildups, particularly in the British Isles.Cephalo-
pod accumulations are particularly noticeable; Ford (1965) described
such an accumulation from fore-reef beds, concluding that "goniatites
accumulated as a result of gentle currents sorting and washing into
a hollow such as an inactive surge channel or submarine cave."
(p. 190).T. N. Goerge (1978, personal communication) suggested
that dead goniatites washed into reef voids or pockets, which could
also account for similar occurrences in Ireland and England. He also
remarked that abundant brachiopods are also found in accumulations.
Broadhurst and Simpson (1973) described the distribution of organ-
isms in the reef in which Ford found the cephalopod accumulation, and
it should be noted that this reef complex represents a linear, shelf-
edge structure as opposed to the isolated reefs that have been previ-
ously discussed.Broadhurst and Simpson found that pockets of brachi-
opods, molluscs, and other ortanisms occurred at distinct bathy-
metrically-controlled intervals in the fore-reef area of the buildup
(see Figure 16).They stated that "a comparison of the fauna from
adjacent pockets can reveal remarkable contrast in the general species
represented." They also noted that the shells are usually disarticu-
lated and are tilted to a lesser degree (nearly horizontal) than the.... :::://
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Figure 16.Diagrammatic representation of the carboniferous apron-reef and associated 'shelf' limestone at Treak Cliff, near Castleton, England,
to show the distribution of fossils of bathyrnetric significance.Vertical scale in meters.Modified from Broadhurst and Simpson,
1973, Figure 2.173
angle of the dip of the fore-reefslope.
Shaw (1970) described theoccurrence of a pectenid (Pseudo-
musium ellipticum) accumulationfrom the same reef complex.He
found that these bivalvesoccur in large "concentrated pockets"with
up to fifty valves per liter of rock, butare scarce in the surrounding
rock.The specimensare generally disarticulated andare oriented
in a convex-down position.He suggested that the shellswere trans-
ported downhill, comingto rest against large objects.
Tilsley (1977) describeda diverse trilobite accumulations,
approximately in the level withthe pockets reported byBroadhurst
and Simpson (1973).The trilobites were disarticulatedand considered
to represent molts.Tilsley believed them to havebeen transported
by "gentle currents intoa hollow or fissure within the reef"and
rapidly buried (p. 150).
R. Owens (1979, personalcommunication) stated that"patches"
of trilobites are notrare in these types of reefs and thatmonospecific
accumulations are found, containingarticulated specimens commonly
lacking free cheeks. No othertrilobite accumulations havebeen re-
ported from elsewhere.
Large nautiloidsoccur in fissures in the PennsylvanianYucca
mound in New Mexico (J.L. Wilson, 1978, personalcommunication).
And in the CanadianArctic B. Glenister (1978,personal communica-
tion) reported pockets ofammonites in Pennsylvanianbryozoan174
mounds.
Permian
While no trilobite accumulations are known from post-Lower
Carboniferous rocks, cephalopod accumulations are still found in
Permian through Jurassic carbonate buildups.
Wilson (1975, p. 233) briefly mentioned the presence of frac-
tures or large cavities filled with thick-shelled nautiloids and echinoids
in the Permian reef complex of Texas and New Mexico. He also men-
tioned that neptunian dykes filled with cephalopods occur in Permian
and Triassic buildups.Wilson suggested that these dykes could have
resulted from slump, fissuring or solution along joints.Cephalopod
accumulations in small depressions in the reef-backreef transition
zone have been found in the Permian reef complex of New Mexico
(J. Cys, 1979, personal communication; D. Toomey, 1978, personal
communication).R. Hewitt (1978, personal communication) reported
finding nautiloids occurring in "clusters" within the reef crest in
Permian algal reefs in northwest England.
Mesozoic
A few cephalopod accumulations are known from Triassic and
Jurassic buildups.J. L. Wilson (1978, personal communication)
has observed abundant ammonites in fissures or along reef and mound1 75
margins in the Late Triassicof Austria and the Jurassicof Morocco.
It is likely that cephalopodaccumulations are alsopresent in
Cretaceous reefs, whileammonite are still rathercommon.
Origin of the Structures inwhich Trilobite-
Cephalopod Accumulationsare Found
Most of the trilobite-cephalopodaccumulations just described
are reported to be associated withcavities, depressions,caves,
fissures, or large objects,such as tabulate corals.These structures
apparently had a majorinfluence(mn the concentrationof the organ-
isms in localized accumulations,acting as sediment trapsfor material
of a specific size, shape,and density.The evidence for thesecavi-
ties, and other similarfeatures, is variable,ranging from structures
with well-defined wallsto those essentially definedby the presence
of the trilobite-cephalopodaccumulation, havingno sharply defined
walls.The characteristics ofthe accumulationsare the same re-
gardless of thepresence or absence of a well-definedcavity.
The formation of theseentrapment structures hasnot been
studied in detail, buta few generalizations can be made.The pres-
ence of depressions, cavities,or caves in a carbonate buildupmay
result from differentialrates of development of thebuildup surface,
from erosion,or from differential rates ofsedimentation.The pres-
ence of these structures suggestsan early subaqueous lithificationof1 76
the sediment in the buildup, and recent work (Pray, 1976; McGovney,
1978; Lehmann, 1978; Ross et al., 1975) supports this interpretation.
Fissures may develop by slumping or settling of the lithified buildup
into the underlying soft sediments.Both fissures and caves may re-
sult from solution enlargement by subaerial exposure.These meth-
ods have been suggested by Wilson (1975).The fossils in these
solution-altered structures could be somewhat younger than those in
the surrounding buildup.
Formation of the Trilobite-Cephalopod Accumulations
Introduction
The localized accumulations of cephalopods and disarticulated
trilobites in a prominent convex-side-down orientation are conspicu
ous features of Ordovician through Permian carbonate buildups. A
number of different processes mentioned in the previous descriptions
could account for the formation of these localized accumulations, but
none have been considered in detail.These processes will now be
discussed in light of the observed characteristics of the accumula-
tions and experimental data.
The occurrence of large numbers of a limited variety of organ-
isms may suggest a living association.It is possible that the
trilobites spent all, or part of their lives within depressions or177
cavities because of a food supply or for shelter.These fossils might
then represent molts and/or dead individuals which accumulated over
an unspecified period of time.It is also possible that trilobites used
these depressions and cavities for protection only during molting.
The disarticulated nature of the trilobites could result from bioturba-
tion, scavenging, or current flow through the cavity or depression.
A convex-side-down orientation could also result from bioturbation
or scavenging (Clifton, 1971).The occurrence of cephalopods in
these accumulations may also suggest that the cephalopods lived within
these structures; that they were predaceous on the trilobites which
may have lived in these structures; or that they were scavengers.
However, most of the observable characteristics of these accumula-
tions do not support any of these interpretations.
The accumulations form a continuous spectrum from those con-
taining only trilobites or cephalopods to almost equal numbers of
each.This would rule out any interdependence between the two
groups, and certainly does not represent a predator-prey relation-
ship.
Cephalopods in some accumulations are too large to have lived
within the cavities and depressions in which they are found, and the
numbers of specimens in some of the accumulations are too great to
represent individuals living in such a small area, as they literally fill
the cavities or depressions to the top.178
Certain skeletal elements of thetrilobites are consistently
under-represented in the accumulations.This would seem illogical
if the trilobites did indeed liveor molt within the cavities. Anex-
ample may be found ina comparison of the occurrence ofvarious
skeletal elements of Bumastusand Arctinurus. Hypostomesof
Bumastus are extremelyrare in all of the observed accumulations.
Cranidia, pygidia, and free cheeksare represented in approximately
their proper proportions.Accumulations of Arctinuruschicagoensis,
however (see Table 29) containa fair number of hypostomes, but
free cheeks are absent.The free cheeks of Bumastusand the hy-
postomes of Arctinurusare similar in general shape to the cranidia
and pygidia of their respectivetaxa, which are well-representedin
the accumulations. Bumastushypostomes and Arctinurus freecheeks
have a different shape than theother elements of theirrespective taxa
and, therefore,may be absent due to sorting of partsand differential
transportation of these parts beforedeposition.The same is probably
true for thoracic segments, whichare under-represented in nearly
all of the accumulations;however, they are difficultto count and no
statistical data are available.
The trilobites in most of thelarge accumulationsare repre-
sented by a limited sizerange of individuals, whichmay indicate
sorting prior to deposition.If trilobites lived in cavitiesor depres-
sions for any length of timeone would expect a widerrange of sizes179
represented.
The possibility thatsome of these accumulationsare associated
with large coral coloniessuggests that the trilobitesand cephalopods
were not living in any shelteredareas; this relationship will be de-
scribed in more detaillater in this discussion.
It seems most likely thatthese accumulationsrepresent sedi-
ment traps in which deadindividuals or moltsaccumulated. Dead
individuals could have beenselectively transported anddeposited in
cavities or depressions.But the rarityor absence of specific
skeletal elements of thetrilobites, nearly totaldisarticulation of
the specimens and thewell-stacked, convex-side-downorientation
indicate that the trilobitespecimens were totallydisarticulated before
reaching the site of deposition.Since the fragile skeletalelements
are not broken or abraded it isunlikely that theywere subjected to
transportation over longdistances, predationor scavenging, or
exposed on the substratefor very long beforedeposition and burial.
The fact that bivalve andbrachiopod valves, whichresemble
the shape of certaintrilobite parts (suchas cranidia and pygidia
of Bumastus ),are sometimes found in theseaccumulations would
tend to indicate that objectswith a particular shapewere being selec-
tively transported anddeposited at specificsites.
The possibility that theseaccumulations may representdead
trilobite individuals thatwere disarticulated and transportedto the1 80
site of deposition cannot be discounted.
The cephalopods in the accumulations probably representdead
individuals that, due to gas buildup through decomposition or because
of gas within the phragmacone, were easily transported tothe site
of deposition.The absence of most heavy-shelled benthos in the
accumulations would seem to indicate that the cephalopods wouldhave
had to been buoyant to be transported.This does not mean that the
cephalopods had to float as do empty modern Nautilus shells, but
just be buoyant enough to be easily transported across thesubstrate.
It is most likely that the trilobites in the accumulations repre-
sent exuviae that were disarticulated and transported to thesite of
deposition by waves or currents.This interpretation is suggested by
the nearly total disarticulation of the trilobites, the absenceof cer-
tain skeletal elements of particular taxa, the orientation ofthe skele-
tal elements, the localized abundance, and the size-sorting.
Experimental Observations
In order to reconstruct the mode of formation of these trilobite
accumulations, a number of experiments were conducted utilizing
molted exoskeletons from various modern decapods. The carapace
of the crab Cancer is similar in shape and size to the pygidia of the
trilobite Bumastus ioxus, and it is assumed that molted crab cara-
paces would probably be of similar density tothat of trilobite molts.181
Two factors were found to be ofprime importance in thetrans-
portation, deposition,orientation, and burial of theseskeletal ele-
ments.The primary factor is theshape of the skeletalelement; it
was found that similarly-shaped objectsbehaved in thesame way in
relation to currents.Secondly, the density of theskeletal element
is important.This is demonstrated bycomparing the behavior of
crab carapaces withsingle valves of denser,similarly-shaped bi-
valves (Unio) in relationto currents.The clam shells behavedin a
similar manner to that ofthe crabcarapaces, but required stronger
currents for movement.
The first experimentperformed involved theorientation of
concavo-convex shells. Crabcarapaces were submerged ina tank
in the absence of watermovement and were allowedto sink to the
bottom.The carapaceswere released in three orientations:convex-
up, convex-down, and edgewise.Out of 111 trials all thecarapaces
settled in a convex-side-downorientation.The original orientation
of the shells hadno effect on the final orientation.Convex-up and
edgewise shells,upon release, immediately flippedover into a
convex-down position and sankto the bottom (as did thosereleased
convex-down) in this orientation.Releasing large numbers ofspeci-
mens, either individually or ingroups, resulted in accumulations
similar to the observed trilobiteaccumulations withmany stacks of
a number of specimens restingone upon the other.182
Further experiments utilizing a constant water flow in a flume
tank were performed to determine how accumulations might have
formed. Various sizes of crab carapaces were placed at various
orientations on the substrate at the bottom of the flume tank and a
water current was initiated.On a hard substrate the carapaces were
easily transported at low current velocities by sliding across the
bottom, saltation, or by being carried in the water column. On soft
substrates the same type of transportation occurred, but carapaces
in a convex-up orientation stuck on the substrate and were buried.
Oscillating currents, simulating wave activity, would resuspend
unburied convex-up carapaces on a soft bottom, resulting in further
transportation.
Because most of the trilobite accumulations appear to be associ-
ated with cavities or depressions, a depression was constructed at
the bottom of the flume in order to observe its effect on the carapaces
being transported across it.Specimens being moved by sliding across
the surface and saltation immediately fell into the depression upon
reaching it and settled in a convex-down orientation (see Figure 17).
Those specimens being transported within the water column, up to
several inches above the substrate, also tended to be deposited within
the depression, but by a slightly different method.In Figure 17 the
current patterns associated with the depression are indicated.At
low current velocities little or no water movement was observed in183
the depressions, but at high current velocities drag created by the
current flowing over the water in the depression resulted in a down-
ward reverse-flow into the depression, producing a circular pattern
as indicated in Figure 17.Crab carapaces caught up in this current
pattern were transported down and back, being placed into a convex-
down orientation at the bottom of the depression.
A bench was also constructed (see Figure 1 7).Essentially the
same types of current pattern and deposition were observed as those
associated with a depression.
A number of trilobite accumulations have been found associated
with large tabulate corals, so a large object (a fossil coral) was
placed on a flat substrate to determine the effort it had on crab
carapaces being transported by currents. Very similar types of
accumulations to those in the depression were created in the follow-
ing manner. Flow patterns around the coral are indicated in Figure
1 7D, E.The currents flowed up and over the top of the coral and
around the sides as indicated, producing small backward-flowing
eddies in the middle of both the front and the back of the coral, with
those on the back side better developed.Crab carapaces being
transported past the coral colony were occasionally pushed against
the front of the coral, forming small accumulations.The crab
carapaces, however, were more often entrapped behind the coral
colony, being pushed backwards against the coral by theFigure 17.
184
Diagram illustrating current flow patterns associated
with depression (B), bench (C) and over and around
large object (D and E).(A) shows crab carapaces
settling into depression in a convex-side-down orienta-
tion, as determined by flume experiments.185
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Figure 17186
Backward-flowing eddies.This reverse-flow pattern operates in
the same manner as that observed in the depression, and produces
the same type of convex-side-down orientation.
These experiments demonstrated the following.Carapaces
from crab exuviae, simulating disarticulated Bumastus cranidia and
pygidia, were best moved on a hard substrate in constant currents;
oscillating currents moved them on all substrates. Convex-down
orientations were found to be typical of concavo-convex objects settling
out in quiet water. Accumulations, like those in which specimens of
Bumastus are commonly found, were formed by carapaces being
transported over depressions in which the current was too weak to
keep them in suspension or by being pulled into the depression by
downward reverse-flowing currents.The specimens settled in a con-
vex-down orientation.Accumulations at the foot of a bench were
produced in the same manner.Carapaces being transported around
large objects were trapped and held in place in a convex-down by
back-flowing currents near the center of the backside of the object.
Summary
By comparing the observed characteristics of the trilobite-
cephalopod accumulations with the experimental observations several
different depositional environments may be inferred.
The predominant convex-side-down orientation of the187
concavo-convex, saucer-shaped skeletal elements of the trilobites
(and some brachiopods and bivalves) indicate that they settled ina
quiet-water environment.Objects in a convex-down orientation are
unstable in the presence of water movement.This depositional envi-
ronment could be found in depressions, cavities, caves, fissures, or
at the foot of benches in the surface of carbonate buildups.Quiet
water areas may also be present behind large objects (such as coral
colonies) which project above the substrate.
Evidence indicates that possible stratification of current veloci-
ties may cause a zone of accumulation to form around the margins
of a buildup (see Figure 17).
It should be pointed out that the trilobites and cephalopods pres-
ent in these accumulations are almost never found in the surrounding
inter-reef beds.This suggests that only the higher parts of the
buildups were located in an environment where water movementwas
sufficient to transport these skeletal elements, that the cephalopods
did not float after death as does the modern Nautilus, and that the
organisms in the accumulations were endemic to the buildup.All
of these indicate that the depositional environment of the trilobite and
cephalopod accumulations was localized.
The trilobites found in these accumulations are interpretedas
representing disarticulated trilobite exuviae that were transported
to the site of deposition. Modern arthropod exuviaeare very light188
and easily transported by currents and trilobite exuviae probably
behaved in the same manner. The cephalopods are interpreted as
being dead individuals that were transported along the bottom to the
site of deposition.The general absence in the accumulations of other
organisms found in the surrounding area may indicate that these
organisms were too heavy to be transported by the currents respon-
sible for moving the trilobite exuviae and gas-filled cephalopods, that
they may have been too firmly attached to the substrate to be moved,
or that they were the wrong shape or size to be transported in the
same way as the trilobites and cephalopods.
Biogeographic Distribution of Trilobite Faunas
in the Silurian Reefs of the
Central United States
Differences in the distribution of various Silurian trilobites
have long been recognized between southeastern Wisconsin and north-
eastern Illinois.Day (1877) noted that there are differences in the
occurrence of trilobites and other fossils in the reefs of this area.
Raymond (1916) observed that the "trilobite fauna of the quarries
around Milwaukee and Racine differs considerably from that found in
the vicinity of Chicago."
An examination of the distribution of trilobites in the Silurian
reefs of the central United States (see Tables 33 and 34, and Figure
18) reveals that there are three distinct biogeographic groupings of189
Figure 18. Map showing the distributionof the Bumastus insignis
and lichid group; the Bumastusioxus and scutelluidgroup,
and the Bumastus cuniculus.Specific localities in
southeastern Wisconsinmay be found in Appendix II.
Localities in northeastern Illinoisare shown in detail
on Figure 19.Numbered localitiesare as follows:
1- Palisades-Kepler State Park, Iowa; 2- Wyoming
Quarry, Wyoming, Iowa; 3- Cordova, Illinois; 4 -
Francesville, Indiana; 5- Delphi, Indiana; 6 - Conner's
Mill, Indiana; 7- Huntington, Indiana; 8 - Montpelier,
Indiana; 9- Celina, Ohio; 10 - Wiarton, Ontario; 11-
Niagara Gorge, New York andOntario; 12- Genesee
Gorge, New York.191
the trilobite taxa.Two of these groupings havebriefly been men-
tioned by Mikulic (1976).It appears that two of these groupingsare
independent of variations inage, observable differences in thephysi-
cal environment, andcannot be attributed to collectingbias or lack
of information.The third localized trilobitegrouping, however,
may be attributed to environmental.differences.
Most of the evidence for thesebiogeographic groupings is based
on the distribution of the numericallydominant trilobites (bumastids,
scutelluids, lichids) found in thereef environment,as previously
discussed.The bumastids underconsideration can be divided into
different groupings at the specificlevel. Each of the threegroupings
is dominated by a singlespecies of bumastid withseveral subordinate
species also being present.The dominant speciesare seldom, if
ever, found outside of their respectivegeographic areas, but grada-
tion between these groupingscannot be discounted because ofa lack
of exposures.It also appears that speciesof the lichid Arctinurus
may be divided into the same biogeographicgroupings as the bumas-
tids, while other largeUchida may not.The scutelluidscan be
geographically separated onlyon a generic level probably because
of the lack of taxonomic study.Scutelluids and lichidsare found in
all three geographicareas, but are generally inverselyproportional
to each other in abundance.Because of their overallmorphologic
similarities and their nearlyidentical mode ofoccurrence the192
bumastids in the different groupings can be assumed to be occupying
the same functional role.The same can be suggested for scutelluids
and large lichids, both of which have similar morphologic character-
istics, being broad and flat trilobites.The characteristics of these
trilobite groupings will now be discussed and reasons for their dis-
tribution will be considered.
In southeastern Wisconsin, eastern Iowa, and northwestern
Illinois the Silurian trilobite reef faunas are dominated by Bumastus
ioxus associated with the scutelluid Kosovopeltis acamus (see Figure
19 and Table 33).Large lichids are rare to absent in these reefs.
This grouping may be found in the bryozoan mounds in the Irondequoit
Limestone of western New York and eastern Ontario and is also
present in the Anabel Formation at Wiarton, Ontario.Bumastids are
not particularly diverse in this grouping with only one other species
(Bumastus sp. A) being found.
The second grouping is characterized by Bumastus insignis and
related species and large lichids (see Figure 18 and Table 34).
Scutelluids are rare or absent.This grouping is found in northeastern
Illinois, northern Indiana, and western Ohio.
A third grouping is localized in reefs in the northern half of
Milwaukee County, Wisconsin, and is characterized by Bumastus
cuniculus and related species (see Figure 18 and Table 33).Scu-
telluids present, but uncommon, and lichids are very rare.The193
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Figure 19.Location of the Silurian reefs in the Chicago area
discussed in the text:1- McCook; 2 - Lyons;
3 - Hawthorne; 4 - Bridgeport; 5 - Cheltenham;
6 - Thornton.Table 33.Distribution of trilobites in the Silurian reefs of southeastern Wisconsin and eastern Iowa. A = abundant; C =common; R = rare; this is a non-
quantitative ranking system based on field observation and museum collections.
Trilo bites Wisconsin Reefs Iowa Reefs
Horlick Ives Franklin Wauwatosa 26th St.Germantown CedarburgThiensvillePallisades Wyoming Quarry
Bumastus ioxus A A A - - C C C C C
Bumastus sp. A C C C - - C ?
Kosovopeltis acamus C C C - - R - R
Arctinurus sp. R R R - R 7'
Bumastus cuniculus - - A C
Bumastus dayi - C ?
Bumastus tenuis - - R C
Bumastus niagarensis - R R
Bumastus sp. B - - C R
Illaenoides sp. - R
Actinobolus americanus- - - R
scutelluids type 1 - R R
Trimerolichas sp. - R195
predominance of scutelluids over large lichids in this grouping is
the same relationship seen in the Bumastus ioxus grouping that sur-
rounds the Bumastus cuniculus grouping.
A few of the reefs under consideration exhibit local variation
in the abundance of different species of Bumastus although the reefs
are close together, are of the same age, and have the same general
environmental characteristics.The best example of this variation is
found in a comparison of the trilobite faunas of the Hawthorne and
Bridgeport reefs (see Table 34 and Figure 19; Appendix I for locality
details) of the Chicago area.The trilobite fauna of the Hawthorne
reef is dominated by Bumastus insignis with lesser numbers of
Bumastus chicagoensis.Both of these species are found in surround-
ing reefs in about the same proportions.Five miles to the east, the
Bridgeport reef contains several species of Bumastus that are
endemic to this locality (Bumastus armatus, Bumastus harrisi, and
Bumastus transversalis).Bumastus chicagoensis is absent, while
Bumastus insignis is rare at this locality.The differences between
the trilobite faunas in these reefs cannot be attributed to obvious
lithologic or paleontologic differences like that between the Bumastus
ioxus and Bumastus cuniculus groupings in the Milwaukee area.Two
other closely-spaced reefs (Schoonmaker and Moody) in the Milwaukee
area show an inverse relationship between the abundance of Bumastus
cuniculus and Bumastus tenuis.Table 34.Distribution of trilobites in the Silurian reefs of the Chicago, Illinois, area.Aabundant; Ccommon; Rrare; this is a nonquantitative
ranking system based on field observations and museum collections.
Trilobites
Other reefs with trilobites
Hawthorne Bridgeport Thornton as indicated
Bumastus insignis A R A Lyons, McCook, Cheltenham
Bumastus chicagoensis C - R
Bumastus armatus - C
Bumastus springfieldensis C - A
Bumastus niagarensis ? C
Bumastus harrisi - C -
Bumastus transversalis - C -
Illaenoides triloba R R
Arctinurus chic agoensis C R C Lyons, McCook
Lichas pugnax - R C McCook
scutelluids type 1 R R R197
A few other organisms found in the reefs under consideration
exhibit a similar pattern of distribution to that of the trilobites.This
is particularly evident with the pelmatozoans.The cystoid Ho lo-
cystites is common in the highly-diverse pelmatozoan faunas in parts
of southeastern Wisconsin, but is rare in high-diversity pelmatozoan
faunas in the Chicago area.The crinoids Periechocrinus and
Ichthyocrinus are both common in the same Chicago area pelmato-
zoan faunas, but are rare in Wisconsin.The opposite is true for
Siphonocrinus and Lampterocrinus.Local variation is also exhibited
in the pelmatozoan faunas betwen the Hawthorne and Bridgeport reefs.
In the Llandoverian rocks of Wisconsin and Illinois the brachiopods
Virgiana and Platymerella also appear to be geographically confined
to two separate areas.These genera appear to be environmentally
and stratigraphically equivalent (Ziegler and Boucot, in Berry and
Boucot, 1970).
The causes for this apparent biogeographic separation of the
trilobite faunas in Silurian reefs of this area are not known, but a
number of possibilities should be considered.
Collecting biases and lack of information can be excluded as
factors in this study.The reefs in this area, particularly in south-
eastern Wisconsin and northeastern Illinois, have been the source
of a prolific fauna for well over one hundred years.Thousands of
trilobites from these localities are present in older collections198
in addition to thousands more collected in this study.All of the
accessible reefs in southeastern Wisconsin and northeastern Illinois
have been thoroughly examined in conjunction with this study (some
having been visited over 100 times) and collecting bias and lack of
information in this area are highly improbable.In the other areas
under consideration, while not all the reefs have been as extensively
examined as those in southeastern Wisconsin and northeastern
Illinois, either in the past or for this study, enough is known about
these areas to indicate that the observations. on these trilobite faunas
are accurate.
It has not been possible to develop detailed biostratigraphic
zonation in the Silurian reefs of the central United States.However,
biostratigraphic variation is not thought to be a factor in the geo-
graphic relationships of these trilobites.All of the reefs in this
study are found in the Racine Dolomite or its lateral equivalents which
range in age from late Wenlockian through Ludlovian, and possibly
into Pridolian (Berry and Boucot, 1970).In certain areas (such as
Chicago) a number of reefs are known to individually or collectively
span nearly this entire time interval, but still contain the same
trilobite grouping.This also indicates that the trilobite groupings
cannot be attributed to evolutionary changes from within or replace-
ment from outside areas.
Variations in environmental conditions do seem to be199
responsible for the occurrence of the Bumastus cuniculus grouping.
The reefs in which these trilobites are found (and surrounding inter-
reef rock) are significantly different lighologically and paleontologic-
ally from the reefs containing the Bumastus ioxus grouping (see
Milwaukee County, Appendix II and the discussion of the Racine
Dolomite).The most noticeable difference is the low diversity and
rarity of pelmatozoans in reefs containing the Bumastus cuniculus
grouping when compared with the other reefs in southeastern Wiscon-
sin and northeastern Illinois.The cause of this environmental differ-
ence has not yet been determined. Environmental variation is not
considered to be a factor in the control of the distribution of the
Bumastus insignis and Bumastus ioxus groupings.This may not at
first be apparent since a structure such as the Thornton reef
(Bumastus insignis grouping), may appear to be lithologically and
paleontologically different from the Horlick reefs (Bumastus ioxus
grouping), for example.This is not an accurate comparison, however,
because Thornton reef is a much larger buildup, representing a later
stage of reef development than the small reefs at Horlick quarry in
Racine, Wisconsin, which accounts for most of the observable differ-
ences.Other reefs in the Chicago area (Hawthorne, Bridgeport)
containing the same trilobite grouping as the Thornton reef (Bumastus
insignia) are also very similar to the Horlick quarry reefs in size,
stage of development, and general lithologic and paleontologic200
characteristics.The type of environmental variation represented in
the Chicago area reefs, therefore, has little or no effect on the
geographic distribution of the trilobite groupings.
Examination of Figure 18 shows that there are gaps between
the data points in which the boundaries of these trilobite groupings
have been placed.These gaps represent areas where the Silurian is
either completely covered or eroded.Indications suggest that there
were no barriers to migration that can be located inthese gaps, and
they are too small to have been more than minor barriers to larval
transportation.
A number of significant factors that may have controlled the
distribution of the Bumastus ioxus and Bumastus insignis groupings
are difficult to observe in the fossil record.These factors could
include subtle differences in water temperature, current pattern,
salinity, productivity, and nutrient supply.One or any combination
of these factors may have been responsible for the distribution pat-
terns. Whatever effected the trilobite distribution in this area it
had no significant effect on the overall composition and distribution of
the general communities present in these reefs.
Note: Several significant changes in classification of the
bumastids have recently been suggested by Lane and Thomas (1978,
in Thomas, 1978).They (Lane and Thomas, 1978) suggested that
bumastids should be classified with the Family Scutelluidae as2
opposed to the Illaenidae, basedon similar morphologic character-
istics.The (in Thomas, 1978) erectedtwo new genera containing
many of the species listed in this discussionunder the genus Bumas-
tus.These taxonomic revisionswere not incorporated into this
study since I consider themto be somewhat preliminary andunproven.
Before removing bumastidsfrom the Illaenidaea major restudy of all
the illaenids is needed sincemany of the key morphologic character-
istics used by Lane and Thomasto separate these groupsare not well
known in the majority of non-bumastidillaenids.E. Ludvigsen (1978,
personal communication) suggestedthat the similarities between
bumastids and scutelluidscan just as easily be attributed toa com-
mon origin shared by the illaenids (includingbumastids) and the
scutelluids. Many of the specieslisted under Bumastus in this
study can be assigned to thenew genera proposed by Lane and
Thomas, but a few "transitional"forms seem to be presentbetween
the proposed genera and,therefore, thesegenera might more appro-
priately be considered of subgenericranking.The validity ofany
of Lane and Thomas' designationshas little or no effecton the dis-
tribution patterns of the trilobitegroupings in this discussion.None
of the genera they proposedis limited to anyone geographic area
although two of theirgenera are inversely proportional toeach other
in abundance in thesame pattern exhibited by the Uchida andscu-
telluids.Trilobite Associations in Ordovician through
Permian Carbonate Buildups
Introduction
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In the preceding sections, it has been determinedthat Silurian
carbonate buildups are characterized by severalmorphologically
distinct groups of trilobites.Lane (1972) has observed that many
of these same trilobite groups (illaenids, scutelluids,harpids,
chierurids) are found in "pure white limestone" from theMiddle
Ordovician through the Middle Devonian; all but one ofhis examples
are from carbonate buildups.An examination of the trilobite faunas
from other carbonate buildups in the Ordovician throughPermian
indicates that they are all characterized by taxa having similar
morphologies.The only major change in the composition of these
trilobites is the extinction, during the Devonian, of mostof the
trilobite taxa present in earlier carbonate buildups.This extinction
is followed by a diversification of the proetids in thereef environ-
ment.
The trilobite faunas found in Paleozoic carbonate buildups can
be divided into several different morphologic groups which persist
throughout this interval.This is considered to be a result of con-
servative behavioral adaptations exhibited by these trilobites.The
morphologic groups can be divided as follows:203
Illaenid -represented by Illaenus,Bumastus, Stenopareia,
Platillaenus and other trilobites ofthe family Illaenidae.All of these
trilobites are characterized byhaving a smoothcarapace, large eyes,
and are generally highlyconvex.This group tends to dominatemost
Ordovician and Silurian reefsin both abundance anddiversity.
Scutelluid-represented by Kosovopeltis,Eobronteus, Scutellum,
and other trilobites of the familyScutelluidae.These trilobitesgener-
ally have a smoothcarapace, although not to thesame degree as the
iviaenids.They are broad, usually flat,trilobites with relatively
smooth, regular borders andhave large eyes.This group is par-
ticularly common in Silurianthrough Devonian carbonatebuildups
and rare in the Ordovicianreefs.
Sphaerexochid-represented bySphaerexochus, Kawina, Cydono-
cephalus, and other similarmembers of the Cheiruridae.These
trilobites are characterizedby large, smooth andbulbous glabellae
and small eyes.The entire body is elongate,the width not signifi-
cantly exceeding the width ofthe glabella. With theexception of the
glabella, segmentation of thecarapace is well-developed.These
trilobites are common inOrdovician through Siluriancarbonate build-
ups.
Cheirurid-represented by Cheirurus,Hadromerus, Para-
ceraurus, Lehua, and other similarmembers of the Cheiruridae.
These trilobites havevery spinose borders and unusuallylarge,204
convex, rounded hypostomes.They arecommon in Ordovician
through Silurian reefs.
Lichid-represented byArctinurus, Amphilichas,Dicrano-
peltis, Apatolichas, andother Lichidae.In gross morphologythese
trilobites are similarto the scutelluids inbeing flat and broad,but
lichids havemore strongly defined features(i.e., glabella furrows,
pygidial ribs) andradically differenthypostomes.Lichids are
common in Ordovician and Silurianreefs and are lesscommon in
Devonian reefs.
Harpid- represented byScotoharpes, Harpes,Selenoharpes,
and other Harpetidae.These trilobites haveconspicuous smooth,
horseshoe-shaped cephalawhith are large inproportion to the rest
of the body.The thorax and pygidiumare very small and highly
segmented. Whilenever abundant, harpidsare characteristic of
Ordovician throughDevonian carbonate buildups.
Odontopleurid-represented byCeratocephala and otherOdonto-
pleuridae.These trilobitesare characterized by extremespinosity.
They are characteristicof Ordovician throughDevonian carbonate
buildups, but are seldomcommon.
Proetid -represented byCyamops, Decoroproetus,Cummingella,
and other membersof the Proetidae.Most of theseare character-
ized by smooth,convex cephala and largeeyes.They are found in
Ordovician through Permianbuildups.205
A number of other, unrelated trilobites are present in
Ordovician through Devonian carbonate buildups, but are generally
limited in their temporal distribution and, therefore, are not con-
sidered to be characteristic of buildups through the entire time
interval.
The origin of trilobite-reef associations has not yet been deter-
mined. While post-Cambrian trilobite faunas in carbonate buildups
are well known, there has been no thorough description of the trilo-
bite faunas associated with Cambrian archaeocyathid or stromatolitic
buildups. Many Cambrian trilobites have morphologic character-
istics similar to later reef-dwellers, but because of the lack of data
on their environmental occurrence, none can be directly compared.
Early Ordovician
Fortey (1975) has described an illaenid-cheirurid assemblage
from the Early Ordovician of Spitsbergen.Illaenus, Selenoharpes,
and Ischyrotoma occur along with Cheiruridae and Bathyuridae in
this assemblage, which is found associated with intraformational
conglomerates and algal nodules.Fortey suggested that this assem-
blage was derived from a shallow-water, perhaps reefal, environ-
ment. He also stated that there was a similar trilobite assemblage
present in the Early Ordovician (Tourmakeady Limestone) of western
Ireland (see Table 35).Table 35.Percentage abundances of trilobites in the Early Ordovician Tourmakeady Limestone
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of western Ireland, based on 572 specimens.From Fortey ()975,, p. 345).
Percent
Illaenidae Illaenus) 22.8%
Cheiruridae ( aff. Sphaerexochus) 15.0
(Ceraurinella) 1.6
(Kawina) 3.0
Dimeropygidae ( Ischyrophyma ) 16.2
(Ischyrotoma) 4.2
Bathyuridae 5.6
Glaphuridae ( Glaphurus) 5.2
Otarionidae 5.2
Nileidae (Nileus ) 3.3
Geragnostidae (Trinodus ) 3.1
Proetidae (Decoroproetus) 2.6
Odontopleurida 1.6
Isocolidae (aff. Isocolus ) 1.2
Raphiophoridae (Ampyx) 0.2
Pelagic trilobites:
Telephina 6.6
Opipeuter 2.6207
Middle Ordovician
The best known reef trilobite faunas in the Middle Ordovician
are found in the Lower Head buildup of western Newfoundland, the
Crown Point-Valcour buildups around Chazy, New York, and the
Meiklejohn Peak buildup at Bare Mountain, Nevada.The Crown Point
and Valcour buildups are thought to be the result of bryozoan, stro-
matoporoid, tabulate coral, and algal growth (Pitcher, 1964).The
carbonate buildups at Lower Head, Newfoundland, and Meiklejohn
Peak, Nevada, are largely composed of micrite with no recognizable
framebuilders (Whittington, 1963; Ross et al., 1975).The trilobite
faunas in all of these structures are very similar and typical of most
other buildups in the Ordovician through Devonian.All three are
dominated by illaenids (see Tables 36, 37 and 38).The Crown Point-
Valcour reefs are different in that they have a variety and abundance
of members of the Asaphacea, in addition to the typical trilobite
fauna.They are the only reefs in which the Asaphacea are commonly
found, although they are occasionally found in other Middle Ordovician
reefs.The gross morphology of the Asaphacea is similar to that of
the illaenids, which might indicate similar behavioral adaptations;
however, the co-occurrence of agundant illaenids would seem to
preclude this interpretation.It is also notable that the reefs in all
three areas have common to abundant specimens of Glaphurus, which208
Table 36.Counts of trilobite parts from reef at tip of Lower Head, western Newfoundland (Middle
Ordovician).Data from Whittington (1963).
Complete
Exoskeletons
Cephala or
Cranidia Pygidia
Agnostidae
Geragnostus 10 12 15
Harpidae
Selenoharpes 58 1
Remopleurididae
Remopleurides 7
Proetidae
Phaseolops 15 54 3
Isocolidae
Isocolus 12 108 14
Idiorhapha 1
Dimeropygidae
Ischyrotoma. 2 9
Ischyrophyma 17
Glaphuridae
Glaphurus 21
Nileidae
Nileus 1 1
Bathyuridae
Bathyurellus 26 135 56
Uromystrum 1 23 8
Goniotelus 50 8
Illaenidae
Illaenus 24 470 77
Harpillaenus 39 20
Scutelluidae
Perischoclomus 10 2
Cheiruridae
Lehua 5
Heliomera 9
Heliomeroides 7
Kawina 1 55 6
Cydonocephalus 283
Pliomeridae
Ectenonotus 1 1
Pseudomera 4 3
Colobinion 32
Odontopleuridae
Ceratocephala 7
Lichidae
Apatolichas 2 272 48Table 37.Trilobite distribution and abundancein the Crown Point and ValcourFormations reefs (middle Ordovician),Lake Champlain area, NewYork and Vermont.Collection numbers refer to Shaw(1968).aa = more than 20 specimens;a = 10-20 specimens; c = 5-10 specimens;f = 1-5 specimens; x = genus is present butno abundance data are available.Data from Shaw' (1968, Table 5).
Reef
Calcarenite surrounding reef V151 R8 R3NR17 V109R3S V110PL4 R 14B R3N V122 R19 R3S
C a lyptaulax
Ceraurinella f
Paraceraurus f a
Heliomeroides
Glaphurina c f f f f f
Glaphurus x a aa c c x f x Re mople urides x f
Hyboaspis f f
Isotelus a a a
Vogdesi a f Basiliell a.
Ni eszkowski a f
Sphaerexochus f
Pliomerops x x f x
A mph ilichas a x
Uromystr um f
Bumastus x x a x
Thale ops f
Platillaenus c x x x f Bumastoides
Eobron te us
Apianurus
Nileoides x f
f f
f
f
f
f
x
x
c
c
f
f
f
f f f
x x
a
f
OTable 38.Trilobite distribution in MeiklejohnPeak bioherm (Middle Ordovician),Meiklejohn Peak, Nevada. Numbersrefer to the number of collections in which eachgenus is present.Data from Ross (1972).
in parentheses refer to the number ofcollections from each location.
Measurements refer to distance above baseof the reef.Numbers
0-50 ft.
(4)
Reef
130-187 ft.
(3)
Flank Beds
Above reef
(2)
50-65 ft.
(2)
173-222 ft.
(5)
Nileus 2 1 1 3 2 Peraspis 1 - - - - Illaenus 3 2 3 3 Lehua 1 - - - - Bathyurellus 1 1 1 1 - Kawina ? 2 1 1 1 Carolinites 2 2 2 - Dimeropyge - ? - - Trinodus - 1 1 1 Endymionia - 1 1 - Xystocrania - 1 1 - Glaphurus - - 1
Harpillaenus - - 1 - Selenoharpes - - 1 1 Pliomerops - 1 Heliomera - 1 - - Apatolichas - 1 - - Ectenonotus - 2 4 Shumardia
1 Ischyrophyma
1 Pseudohystricurus
1 Carrickia
1 Miracybele
2 Protocalymene
2 1211
is limited to reef environments (Shaw, 1968; Ross, 1972).Isocolus
and a variety of Dimeropygidea are also conspicuous in some reef
faunas.These trilobites are difficult to categorize in a morphologic
group because their morphologic characteristics are not as distinct
as in other groups, and they are not represented in Silurian or
Devonian reefs.The Bathyuridae are diverse and occasionally com-
mon in Middle Ordovician buildups.Their general morphology is
somewhat similar to that of the scutelluids which are very rare in
these reefs, but become common in later buildups after the extinction
of the Bathyuridae.Fortey (1975) has suggested that scutelluids filled
the niche vacated by the Bathyuridae.
Late Ordovician
Late Ordovician reefs are known primarily from Europe and
Kazakhstan.The best known buildups are found in the Boda Limestone
around Dalarna, Sweden, the Keisley Limestone in north-central
England, and the Chair of Kildare Limestone at Kildare, Ireland.
Unfortunately, none of the buildups has been examined in ecologic
terms and, therefore, little is known about the detailed trilobite
relationships and distribution.The Boda reefs are thought to have
been constructed by algae (Thorslund, 1960), however, nothing about
the frameworks of the Keisley or Kildare reefs has been published.
The trilobite faunas of these reefs are very similar, again being212
generally dominated by a variety of illaenids with common and diverse
lichids and cheirurids.C. Auton (1977, personal communication) re-
ported finding, in the Boda reefs, specimens of Stenopareia or
Sphaerexochus in nearly every sample of core material.The scu-
telluid Eobronteus is common in the Boda reefs, but is not found in
either the Keisley or Kildare reefs (Warburg, 1925).Holotrachelus
is also common in the Boda reefs and have been also reported in
the Keisley and Kildare reefs (Warburg, 1925).This genus is found
only in the Late Ordovician and is thought to be related to the illaenids
or proetids.It has a broad, convex, smooth cephalon and a rela-
tively smooth thorax and pygidium; these features are typical ofmany
reef-dwelling trilobites.M. Apollonov (1977, personal communica-
tion) reported Late Ordovician reefs in Kazakhstan having Illaenus,
Stenopareia, Bumastus, Sphaerexochus, Holotrachelus, Amphilichas,
"Bronteus, " Hadromerus, and Pliomerus, all of which are found in
the European reefs.
In summarizing the trilobite contents of the Ordovician buildups
it may be stated that all are overwhelmingly dominated by illaenid
or illaenid-like trilobites.Lichids and two subfamilies of the
Cheiruridae (Cheirurinae and Sphaerexochinae) are usuallycommon
in these reefs.Noticeably rare or absent are the Scutelluidae which
are common in later reefs.The Ordovician reefs in particular have
a variety of other trilobites that become extinct and do not appear
to be replaced morphologically by other trilobites in later reef envi-
ronments.213
Silurian
Silurian carbonate buildups are common in North America,
including northern Greenland, and are also found in Europe, Soviet
Asia, and Japan.The coral- stromatoporoid buildups in the Silurian
have trilobite faunas similar to those in Ordovician reefs (Tables 39
and 40).Illaenids are still dominant in all reefs, with cheirurids
and lichids again being common and diverse.Scutelluids become
common for the first time in Silurian reefs. While a number of
Ordovician reef trilobites have become extinct, no new groups of
trilobite move into the reef environment.The illaenids show a
marked change in the Early Wenlockian: Llandoverian buildups are
usually dominated by various species of Stenopareia, Late Wenlockian-
Ludlovian buildups are characterized by Bumastus.Both genera are
thought to have had similar behavioral adaptations based on similari-
ties in morphology, distribution, and abundance.
The noticeable differences in the distribution of large lichids
and scutelluids in North America has already been discussed.Scu-
telluids are common to abundant in reefs north and west of Chicago,
but are rare or absent to the south and east.Large lichids (Arc-
tinurus, Lichas) have an inverse distribution pattern to the scutelluids.
Morphologic similarities of both groups and their inverse distribution
pattern indicate they probably had similar behavioral adaptations.214
Table 39.Trilobite abundance in Thornton reef (Racine Dolomite,Silurian), Thornton, Cook
County, Illinois (see Appendix I for locality details).A, C, U, R is a system of
nonquantitative ranking of trilobite occurrence basedon field observations. A =-
abundant, C = common, Uuncommon, R = rare.
Upper Back-reef
Reef Non-crinoidal Trilobite
Core Flank Beds Accumulations
Bumastus cf. springfieldensis C -
Bumastus cf. niagarensis
Bumastus insignis R A
Lichas pugnax
Calymene sp.
Dicranopeltis sp.
odontopleurid
Arctinurus sp.
Arctinurus chicagoensis
Ceratocephala sp.
Lichas sp.
Sphaerexochus sp.
Cheirurus sp.
scutelluids
Bumastus chicagoensis
A
A
C215
Table 40.Trilobite abundance at Horlick reef(Racine Dolomite, Silurian), RacineCounty,
Wisconsin (see locality Appendix II).A, C, U, R is a system of nonquantitativerank- ing of trilobite occurrence basedon field observations and museum collections.A
abundant, C = common, U =uncommon, R = rare.
Reef
Inner Flank
Beds
Outer-Flank
Inter-reef Beds
Bumastus ioxus A C
Bumastus sp. A C R
Kosovopeltis acamus C R
Dicranoeltis decipiens R C
Arctinurus sp. R
Ceratocephala sp. R R
Calymene sp. R R C
Trochurus nasuta R R
Sphaerexochus romingeri R C
Cheirurus sp. R R R
Dalmanites sp.
R C
Encrinurus sp.
R R216
However, both groups have radically differenthypostomes, indicating
they may have had different feeding habits.Examination of the dis-
tribution of both groups in Ordovician andDevonian buildups reveals
that they are not found in equal numbersin the same reefs, and per-
haps they had the same inverse relationshipsoutside of the Silurian.
These distribution patterns have to beconsidered further in light of
the earlier suggestion that the Bathyuridaewere replaced in the reef
environment in the Late Ordovician by theScutelluidae.
The low diversity and rarity of proetidsin Silurian North
American buildups compared to Europe hasalso been discussed.
This pattern has also been observedin the level-bottom environments
of these two areas.This disparity in distribution changesin the
Devonian when a wide variety of proetidsappears in the level-bottom
environments of North America. Encrinurusmay also be more com-
mon in Silurian European reefs than in North America,but the evi-
dence is not as conclusive.
The only notable trilobite additionto Silurian reef faunas are
the calymenids, whichare not particularly abundant, but are found
through a large variety of reef environments.
Devonian
Coral- stromatoporoid reefs reacha maximum in distribution
and development in the Devonian.They are found throughout Europe,217
North America, and partsof North Africa andAustralia.However,
few trilobites have beenreported from any of thesereefs.Those
reported indicatea continuation of most of the majortrilobite groups
present in Silurian reefs. Amajor exception is theextinction of all
illaenids, which were dominanttrilobites in the reefenvironment
through the Ordovician andSilurian, in the Late Silurian.It appears
that no trilobites completelyfilled the niches vacatedby the illaenids,
at least there areno trilobites that are morphologicallysimilar.
Scutelluids might have becomea little more diverse andcommon in
the Devonian.Proetids may have filledsome of the illaenid niches
since they appear to becomemore diverse and numerous;a few
proetid genera have ratherlarge, smooth andconvex cephala simi-
lar to illaenids.Sphaerexochus-like trilobitesalso become extinct at
the end of the Silurian,but some of the Cheirurinae(Crotocephalus)
appear in the Devonian witha similar morphology and distributionto
the Sphaerexochinae.Phacopids alsoappear to have been important
in some reef communities.Because of the small numberof trilobite
faunas that have been describedfrom Devonian reefs,some informa-
tion is needed to demonstratethe validity of theseobservations, with
the exception of the illaenidand sphaerexochidextinctions.
The Early Devonian Konhrusyreefs in Czechoslovakiaare
well known and containa typical reef trilobite fauna dominatedby
scutelluids withcommon harpids, cheirurids, andproetids (Chlup16,218
1958).The framebuilding organisms- of these reefs have not been
described.The Early Devonian reefs of southeastern Morocco also
contain abundant scutelluids, with sone cheirurids (G. Alberti, 1977,
personal communication).Holzapfel (1895) listed scutelluids,
cheirurids, lichids, proetids, harpids, otarionids, and phacopids
from reef exposures in the Middle Devonian of Germany. The coral-
stromatoporoid reefs of the Middle Devonian of South Devon, England,
contain a trilobite fauna dominated by scutelluids, with common lichids,
harpids, cheirurids, and odontopleurids (Scrutton, 1978).The Middle
Devonian reefs around Formosa, Ontario, have produced a diverse
fauna of proetids and a lichid (Fagerstrom, 1961).The Late Devonian
reefs of the Canning Basin, Australia, have an associated trilobite
fauna of harpids, scutelluids, and proetids (P. Playford, 1978, per-
sonal communication).The Canning Basin reefs are the youngest
reefs containing a trilobite fauna with harpids and scutelluids.
Carboniferous
With the major Frasnian, Late Devonian, extinction most of
the typical Devonian reef trilobites disappeared. A number of Early
Carboniferous buildups in the British Isles do have conspicuous
trilobite faunas, however, (Tilsley, 1977; Table 41) and a comparison
with earlier reef faunas is possible.All of the trilobites in the
Carboniferous belong to the superfamily Proetacea, a group which219
Table 41.Total number of trilobite parts obtained at a single locality of Vise an (Lower
Carboniferous) reef limestone at Treak Cliff, Castleton, Derbyshire, England
(Data from Tilsley, 1977).
Cephala Cranidia
Free
Cheeks Pygidia
Bollandia 1 4 1 5
Eocyphinium 2 1 3
Cyrtoproetus 4 18 3 15
Weania 8 20 5 30
Cummingella 25 4 24
Carbonocoryphe - 2 8
Brachymetopus ouralicus 50+ 100+
Brachymetopus moelleri 12 - 2
Namuropyge acanthina 10 - - 6
Namuropyge kingi - 1
Griffithides - 1220
first appeared in the Middle Ordovician reefs and became more
diverse and common in Devonian reefs.Several genera (Cummingella,
Griffithides, Weania, Namuropyge, and Cyrtoproetus) are entirely
limited to reefs (R. Owens, 1979, personal communication).Only
one trilobite, at this stage, may be directly compared with earlier
reef trilobites; Namuropyge is very similar to odontopleurids, such
as Ceratocephala, in its gross morphology.Both trilobites are very
spinose, not very common, and rather small.Other reef Proetacea
have smooth, convex cephala, which are typical of other Ordovician
through Devonian reef trilobites, but a direct comparison is not yet
possible for each taxon.Proetids remain common in some reefs
through the rest of the Paleozoic (Fortey and Owens, 1975).
Ecology and Distribution
The distribution of trilobites is irregular in carbonate buildups,
reflecting the complexity of this environment.Unfortunately, few
studies have been made with enough precision to accurately plot these
patterns.The studies by Shaw (1968) on the Valcour and Crown Point
reefs (Table 37) and by Ross (1972) show some variation in the distri-
bution of trilobites in the reef core and surrounding flank beds
(crinoidal calcarenite).Information on the Silurian trilobites has
been described in more detail earlier in this study, indicating that
illaenids, scutelluids, and lichids are more typical of the core area.221
Cheiruridae are more typical of the flank beds.Information pre-
sented by Manten (1971; see Table 32) on the relationships in some
Silurian reefs on Gotland supports these interpretations.Flank bed
areas also seem to be the location of most of the rarer atypical reef-
dwelling trilobites, such as phacopids.These taxa may be abundant
outside of the reefs and probably represent temporary migrants to
the peripheral reef environment.
The functional morphology of trilobites is poorly understood.
A few suggestions have been made concerning reef-dwelling illaenids.
Lowenstam (1957) suggested that their smooth exoskeleton was adapted
to a chiton -like existence in the high-energy reef environment.
Bergstrom (1973) suggested a burrowing adaptation for the same
trilobites.More detailed studies are need (such as those by Clarkson,
1968, on non-reef taxa) to accurately determine trilobite behavior
based on morphology.
Carbonate buildups and their associated trilobites in a shore
to basin transect have been placed at the shelf edge in both the Middle
Ordovician (Shaw and Fortey, 1977) and Silurian (Thomas, in press).
This is accurate to some extent, but is over generalized. Many
carbonate buildups are indicative of a high-energy, shallow-water
environment, receiving little or no terrigenous clastic sedimentation;
not a particular position on a shore to basin transect.These reefal
environments can be found adjacent to the shore in the manner of222
modern fringing reef, inbarrier reef complexeson shelf edges, as
isolated platformor shelf reefs, or as atollor fringing reefs around
islands in openocean or deep basinal areas (seeFigure 20). An
example of some of theserelationships can beseen in the Silurian
rocks of the MichiganBasin and Illinois Basin.These basins con-
tain a number of pinnaclereefs that developedon the shelf slope.
On the shelf edge,a barrier reef complex developedand abundant
localized reefs are presentbehind the barrieron the platform or
shelf.All three of thesetypes of buildupsare characterized by the
same general biota (at least intheir upper portions).The trilobite
faunas of the platformor shelf reefs are dominated bythe illaenid-
scutelluid-lichid association,but the surroundinginter-reef bedsare
characterized by differenttrilobites, such as theFlexicalymene
celebra association.Because the pinnacle andbarrier reefs are
presently known only fromsubsurface information,little is known
about their trilobite faunas,however, a few examplesof scutelluids,
harpids, and cheiruridshave been observed.All these buildupsseem
to be controlled by similarenvironmental conditions,resulting in
similar biota, and not bythe position theyoccupy.
The illaenid-scutelluid-lichidassociation is commonlyrestricted
to carbonate buildups,but level-bottomenvironments with this associ-
ation are known from theCyclocrinites Beds of theHopkinton Dolomite
(Llandoverian) of Iowa.This unit is foundon the platform or shelf,223
Figure 20. Diagram showingthe varying positions ofreef environ-
ments on a hypothetical shelf-basintransect.Non-
reefal, high-energy,shallow-water environmentscan
occur nearshore at shelf edge-carbonatebank or at
island positions.Platform reefs and nearshorehigh-
energy shallow-water environmentsor fringing reefs are
generally absent inareas with terrigenous deposition.
Platform reefs are typical ofbroad platforms, such
as represented by the Racine Dolomiteand equivalent
units.Diagram indicates that placementof reefs and
other carbonate buildupsat a shelf edge position isover-
simplification of their trueoccurrences.sealevel
Fringing
reef
Pinnacle
reef
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but is not associated withany buildups.
Summary
Several points should be madeconcerning trilobite faunas of
Paleozoic carbonate buildups:
1.The trilobite faunas ofnormal marine Ordovician-Devonian
buildups are remarkablysimilar in taxic composition,and in the
abundance, diversity, anddistribution of the trilobitetaxa.These
faunas are present innearly all of these buildupsregardless of
the size of the buildup,the presenceor absence of framebdilders,
or the classification of the buildups(such as mudmound,true reef).
This indicates that similarenvironmental conditionswere present
in all of these structures,regardless of how they havebeen previ-
ously interpreted,or that the trilobites aremore tolerant of varia-
tion in environmentalconditions.
2.The buildupsare dominated by only a fewmorphologically
distinct types of trilobitesthroughout the MiddleOrdovician-Devonian.
These morphologicaltypes may be replaced afterextinction by un-
related trilobites bearinga similar morphology.
3.The trilobite faunas ofMiddle Ordovician-Permianbuildups
are dominated by only a few majorgroups (see Table 42).The domi-
nant group is the SuborderIllaenina, which includesthe families
Illaenidae, Scutelluidae,and the superfamilyProetacea. RecentlyTable 42.Importance of trilobite families in Paleozoic reefs demonstrating the dominance of the suborder Illaenina in the reef environment throughout the Paleozoic
(the first ten families listed).The only other groups of importance in this time interval are the families Cheiruridae and Lichidae.Bergstrom (1973)
erected the order Illaenida, which includes all of the families under the suborder Illaenina listed in the table.Fortey and Owens (1975) have erected a
new order Proetida for the proetid trilobites, which were formerly included in the suborder Illaenina.1, 2,3, and 4 is a system of ranking based on
general abundance in carbonate buildups and the number of reefs in which the trilobites occur.1 = always present and numerically dominant in the
trilobite fauna; 2 = commonly present and common; 3 = commonly present but uncommon; 4 = seldom present and rare.
Middle
Ordovician
Late
Ordovician Silurian Devonian Carboniferous Permian
Illaenidae 1 1 1 - -
Scutelluidae 3 3 2 1 - -
Bathyuridae 2 - - - -
Proetidae 3 3 3 2 1 1
Holotrachelidae - 2 - - -
Brachymetopidae - - - 3 1 -
Otarionidae ? 4 4 3 3 -
Dimeropygidae 3 ? - - _
Glaphuridae 1 - - -
Phillipsiidae - - - 2 -
Cheiruridae
Cheirurinae 2 2 2 3
Sphaerexochinae 2 2 2
Encrinuridae 4 4 4 - -
Pliomeridae 3 ? - - -
Harpetidae 3 3 3 3 - -
Lichidae 2 2 2 3 - -
Odontopleuridae 3 3 3 3 -
Asaphidae 2 - - - - -
Nileidae 3 - - - -
Pterygometopidae 4 4 - - - -
Dalmanitidae - - 4 - -
Ph acopid ae - - 4 3 - -
Calymenidae 4 4 2 - - -
Isocolidae 1 - -
Komaspididae 3 - - - r.)
Ivcr227
proposed changes in trilobiteclassification would result inthe Order
Illaenida being dominant inOrdovician-Devonian reefs and theorder
Proetida being dominant inDevonian-Permian reefs.In Ordovician-
Silurian buildups the Cheiruridaeare next in importance. The
Harpetidae, Odontopleuridae,and Lichidaeare present in Middle
Ordovician-Devonian reefs, butwith the exception of theLichidae,
they are seldomcommon. A large number of othertaxa are found
in the Ordovician reefs,but they are seldomcommon and are absent
in later reefs.This does notmean that any group is limited to reefs
or that all members ofa group are found in reefs.
4.The stability of behavioraladaptations of trilobites in the
reef environment isdemonstrated by the persistenceof certain
morphologic characteristicsthroughout the Paleozoic.This is illus-
trated by the dominance ofthe illaenids and cheiruridsin the
Ordovician and; Silurian, theabundance of the scutelluidsin the
Silurian and Devonian, andthe dominance of the proetidsin the
Devonian-Permian buildups.All of these groupsare present in
Ordovician-Silurian buildups.
5.With the exception ofsome of the proetids, all majorgroups
of trilobites found inPaleozoic reefs are alreadypresent in the
Middle Ordovician buildups,with no significantadditions.
It is important to emphasizethat the reef trilobitesare domi-
nated by only one suborder(or two orders basedon a newly proposed228
classification) and two unrelatedfamilies throughout the entire
Paleozoic.This is highly significantbecause there aremany more
families and even orders whichare absent or poorly represented in
the reef environment despitetheir contemporaneousabundance
elsewhere.229
SILURIAN STRATIGRAPHY OF SOUTHEASTERN WISCONSIN
Introduction
Gilbert Raasch (1960, unpublished manuscript) stated that "the
Silurian is undoubtedly the most poorly understood system in North
America." Since that time, Berry and Boucot (1970) have published
a comprehensive correlation of the North American Silurian rocks,
alleviating this problem. However, Raasch's statement could still
be applied, in part, to the Silurian rocks of eastern Wisconsin,
which are probably the most poorly understood Paleozoic unit in the
Midwestern United States.
This situation may at first seem surprising since the Silurian
exposures in Wisconsin were among the first to be studied after
Hall's initial work on the Silurian of New York,The Wisconsin
Silurian has been studied by some of the most eminent North American
Paleozoic stratigraphers and paleontologists, including T. C.
Chamberlin, whose 1877 study of the area was probably the most
comprehensive study of Silurian rocks anywhere in North America
at that time, and for many years afterward.Unfortunately, much
of the information gathered by these early workers has never been
published.
The Paleozoic rocks of eastern Wisconsin dip away from a high
area of Precambrian rock (the Wisconsin Arch) located primarily in230
north-central Wisconsin.The general trend is to the east towards
the Michigan Basin and successively younger rocks are exposed
towards the east.Because of this dip, the oldest Silurian rocks are
exposed along the Niagaran Escarpment and the youngest are found
along Lake Michigan, with a continuous increase in thickness east-
ward until a maximum of about 800 feet is reached on the eastern
edge of Manitowoc County.
While the Paleozoic rocks of Wisconsin and the surrounding
area are structurally uncomplicated, the lack of good exposures
makes work in this "layer cake" area difficult at best.The Silurian
rocks of eastern Wisconsin are commonly covered by thick deposits
of Quaternary sediments.Natural bedrock exposures are usually
small, weathered, and are few and far between; the only exception
being the Niagaran Escarpment which runs along the western edge
of the Silurian from the tip of Door County south to Waukesha County
where it disappears beneath the glacial drift.Along the escarpment
up to 100 feet of Lower Silurian rocks are exposed.The escarpment
is a continuation of the Niagaran Escarpment originating in New York
and marking the northern edge of the Silurian rocks of the Michigan
Basin.The escarpment is the result of more rapid erosion of the
soft, underlying Upper Ordovician rocks and the overall dip of both
units.Most of the area to the east of the escarpment in Wisconsin
is underlain by Silurian rocks, but natural exposures are limited to231
a few river cuts and shore exposures. Many of the natural outcrops,
particularly those near cities and villages in the eastern part of
Wisconsin, had been the site oiquarrying activities in the late 19th
century and early 20th century.The quarrying resulted in somewhat
better exposures than had previously existed, but by the 1930's most
of the sites were abandoned, and with the exception of the few still
active quarries, exposures have deteriorated.
Unfortunately, there is little hydrocarbon potential in the
Silurian of eastern Wisconsin, so almost no cores have been drilled
here in contrast to the thousands that have been drilled in the adjacent
Michigan and Illinois Basins.The only subsurface information avail-
able are water-well logs, which supply only limited data on subsurface
Silurian rocks because of variation in the quality of records and diffi-
culty in recognizing stratigraphically useful horizons in the Silurian;
even the Silurian-Ordovician boundary is difficult to recognize.
The Silurian of eastern Wisconsin consists primarily of dolomite,
which is part of the Dolomite Suite defined by Berry and Boucot (1970)
as the dominant lithofacies of the North American platform in the
Silurian. A few cherty or more argillaceous intervals are present,
most of which are discontinuous over long distances and are, there-
fore, of limited lithostratigraphic value.The lack of marker beds
makes it difficult to be certain of the lithostratigraphic correlation
of any exposures unless a large segment of the Silurian section is232
exposed.Lithostratigraphic correlations are further complicated
by the presence of carbonate buildups in the Racine Dolomite which
cause the character of the rocks to change rapidly, both vertically
and laterally.There is at least one unit that is lithologically con-
spicuous (Brandon Bridge Beds) which is present in the southern
part of the study area, but it is absent throughout most of the rest
of southeastern Wisconsin.Cherty units can be used locally for
lithostratigraphy.
Biostratigraphic information is scarce for most of the Wisconsin
Silurian.Most of the non-reefal exposures produce few, if any,
fossils which, when present, are often poorly preserved. Many of
the macrofossils present in these rocks are environmentally con-
trolled and are not biostratigraphically useful. A few graptolites
have been found in southeastern Wisconsin, but it is unlikely that
they will ever be useful for correlation over much of the area because
of their rarity.Microfossils, such as conodonts, chitinozoans, and
arenaceous foraminiferans, could potentially be extremely valuable
for biostratigraphic correlation in this area. A brief search has
been made for conodonts (Clark, 1971), but no diagnostic forms were
found.Previous attempts to correlate isolated exposures biostrati-
graphically have led to a significant number of errors due to a lack
of understanding of the lithostratigraphy of the area.
It seems, at this point, to be of limited value to assign ages233
to the various rock units basedon dating of isolated exposures.
This is particularly truebecause some of the lithologieshave been
found to recur both verticallyand laterally in differentunits.It is,
therefore, difficult to look atmany isolated exposures and place them
within a lithostratigraphicframework without supplementarysub-
surface information.Previous to this study, therelationships be-
tween some of the major stratigraphicunits were unknown, and the
complete sequence of Silurianrocks in any part of the state hadnot
been observed inexposure or in precise subsurface records.It was
felt that in this study itwas most important to establisha litho-
stratigraphic framework forthe area before furtherbiostratigraphic
work could be undertaken.
Another problem in understandingthe stratigraphic relation-
ships of the Wisconsin Silurianrocks is the incompleteknowledge of
the Silurian in the surroundingarea.To the south the Silurian in the
Chicago area is well known,but from the northern partof Cook
County, Illinois, to Racine,Wisconsin, a distance of about40 miles,
there are almostno exposures.The northernmostexposures of
Silurian rocks in easternWisconsin are very similarto those in the
Upper Peninsula of Michiganand correlation between themis not
difficult.The only exception is theupper beds which are poorly
exposed throughout most ofWisconsin. To the east, underLake
Michigan, the Silurian unitshave not been describedin any detail,234
but extensive drilling in that area at present should produce much
useful data.
In this study the Silurian lithostratigraphy was examined for
Kenosha, Racine, Walworth, Waukesha, Milwaukee, Ozaukee, and
the eastern one-third of Washington Counties, Wisconsin. A number
of significant new exposures and coresare located in this area, pre-
senting new opportunities to establisha lithostratigraphic framework.
Figure 21 shows the distribution of Silurian rocks in Wisconsin and
outlines the area of study.
History
As mentioned before, the Silurian rocks of Wisconsinwere
among the first Silurian units to be studied after Hall's work in
New York in the 1840's. Much of the early workwere, therefore,
attempts to correlate the Wisconsin rocks, unit by unit, with the
New York section, first on a lithologic basis and later ona paleonto-
logic basis.The first studies were based mostly on naturalexpo-
sures and the very small quarries and stone pits that existed at that
time. As these quarries increased in size and number they became
more important to the understanding of the geology of the area.
Quarry activity peaked in the 1930's and most have been abandoned
and covered or are water-filled.
For an overview of the history of geologic work in Wisconsin235
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Figure 21. Map of Wisconsin showing the outline of the study area
and the distribution of Silurian rocks in the State.236
see Bean (1937).The first work on the geology of southeastern
Wisconsin was done by I. A. Lapham. He moved to Milwaukee in
1 836 and began an examination of the local quarries, making geologi-
cal observations, besides pursuing his other interests, including
map making, meteorology, archaeology, and botany (Scott, 1975).
In 1 851 Lapham published the first description of the bedrock geology
of southeastern Wisconsin (see Table 43) in which he described the
rock units including the Waukesha Dolomite, which was the first
Silurian stratigraphic unit named in the area.In the same publica-
tion James Hall applied his correlation of the New York units to those
described by Lapham. Lapham's field notes, manuscripts, and
correspondence concerning his work on the geology of eastern
Wisconsin are deposited in the Archives of the State Historical
Society of Wisconsin in Madison.
J. Percival was the next to make observations on Wisconsin
Silurian rocks as part of a survey of the southern part of eastern
Wisconsin in 1856. He made no reference to Lapham's earlier work
and grouped all of the currently recognized Silurian rocks in eastern
Wisconsin into the Mound Limestone (see Table 43), aname derived
from the Silurian exposures in southewestern Wisconsin.
After Percival's death in 1856, James Hallwas appointed to
the Wisconsin Geological Survey along with Daniels and Carr (Bean,
1937), but not much work was done in eastern Wisconsin until 186 0237
Table 43.Table showing the developmentof stratigraphic nomencla-
ture in southeastern Wisconsin.See text for details.LAPM AM
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when Hall was more-or-less placed in charge of the Survey. At
that time Hall hired T. J. Hale to do field work for him in the Paleo-
zoic rocks of eastern and southwestern Wisconsin.Hale lived for
a time in Racine and appears to have been a student at the Univesity
of Wisconsin. He also appears to have been interested in fossils
and geology prior to 1 86 0.Hale's 186 0 field book is preserved in
the Archives of the New York State Museum in Albany; it contains
the earliest detailed descriptions of Silurian outcrops in southeastern
Wisconsin, and indicates that Hale was very familiar with the geology
of the area. He is the first to apply the name "Racine" to a number
of different exposures, and makes the first reference to a reef in the
Milwaukee area.It is not known how much of this reflects possible
prior coaching by Hall on the local geology, but Hale's stratigraphic
assignments are good. Most of the localities he described were of
places not commonly mentioned in publication from this time period,
so his descriptions are invaluable.Unfortuantely, a second field
book for the 186 1 field season might have been made, but it cannot
be located, nor can any of Hall's field notes for the area, including
those for the Schoonmaker quarry.Hale seems to have left geology
after his work for Hall and the only reference to him after this
time is by Teller (1911), who described him as an extensive fossil
collector in Wisconsin "in a commercial way" during the 186 0's who
had "furnished Prof. Hall with many fine specimens."240
In 1862 Hall published an important description of the Silurian
rocks of southeastern Wisconsin (see Table 43) which, unfortunately,
contains almost no individual locality data.The only significant
exception is that of the important description of the Schoonmaker
reef.Hall calls this structure a coral reef; this is the first correct
application of this term to a carbonate buildup in North America.
This is not the first time Hall used the term in the Silurian since he
(1851) p. 159) described some of the coral-rich biostromal beds of
the Manistique? Formation as being coral reefs.Hall also presented
a more formalized description of the Racine Dolomite, which he had
mentioned earlier (1860).Hall's interpretation of the reef clarifies
Lapham's earlier usage of the term "geodif-erous" for the same beds.
Hall's stratigraphic work in Wisconsin ended at this time because
the Survey was disbanded by the State Legislature. He did publish
some paleontologic papers (1867, 1870).
Lapham (1865, unpublished notes) described a generalized
section in Milwaukee, Waukesha, and Racine Counties (see Table 43),
which agrees more with Hall's (1862) section, but still includes
geodiferous limestone which Lapham shows asan unstratified unit
underlying the Waukesha and forming a hill at the same levelas the
Waukesha.This relationship is undoubtedly based on the Schoonmaker
reef, which had been satisfactorily explained by Hall.Lapham also
placed the "Burlington Illaenus beds" between the Waukeiha and241
Racine limestones basedon the presence of Burlington-likeIllaenus
in a thin bed between theWaukesha and Racineat Waukesha. The
Wisconsin State Legislatureallotted funds fora comprehensive geo-
logical survey of thestate in 1873 and Laphambecame State Geologist,
a position which he held until1875; Chamberlin becameState Geologist
in 1876.
In 1877 Chamberlin madea significant advance in theknowledge
of Silurian rocks ineastern Wisconsin.His was the firstcompre-
hensive survey of thearea, in which all outcropswere examined and
water-well data was usedto obtain as completea picture as possible.
Localities were describedin detail for the firsttime.Chamberlin re-
described Lapham's andHall's units, appliednew names where appli-
cable (see Table 43), and,in general described theSilurian rocks in
a thorough and systematicmanner. His overall stratigraphicsucces-
sion of Silurian units hasnot been significantly modifiedsince that
time, attesting not to thelack of quality of laterwork, but to the
quality of Chamberlin's.The only significantchange in Chamberlin's
study has been theplacement of the Nedainto the Ordovician.The
major problems notanswered by Chamberlinon the correlation of
southeastern Wisconsinwith northeasternWisconsin Silurian has
still not been adequatelysolved, and will not beuntil subsurface
information becomes available.Unfortunately, itappears that all
of the original fieldnotes, maps, illustrations,and rock samples242
for Chamberlin's entire survey have been lost, possibly in the fire
at Science Hall, University of Wisconsin, Madison, in 1884 (G.
Hanson, 1979, personal communication).The fossils (20, 000 spe-
cimens) collected during this field work were distributed among the
various colleges at that time (Chamberlin, 1880), but only a couple
of dozen can now be located.
In 1897 Buckley studied the building stone quarries in Wisconsin,
describing a number of Silurian localities in some detail, but he made
no new contributions to understanding the Silurian geology of the area.
W. C. Alden began a survey of the southeastern part of the state
in 1898 under the direction of Chamberlin for the U. S. Geological
Survey, which continued until 1911 and resulted in two major publica-
tions on the geology of the area (1906, 1918).Alden's field notes
cover most of the Silurian outcrops, but few localities are described
in detail since he was primarily interested in glacial geology.His
notes do give extensive coverage of water-well data for the area.
Alden's notes, maps, and photographs are preserved in the U. S.
Geological Survey Library in Denver, Colorado, and copies of some
of the material is in the files of the Wisconsin Geological and Natural
History Survey. Alden named the Waubakee beds (see Table 43), but
made few other revisions of Chamberlin's work.
Ulrich (1924) published a section for eastern Wisconsin based
on work he did in 1914.He made only a few changes in the general243
section, making the Neda beds the upper member of the Maquoketa
(Ordovician) and placed the Byron between the Mayville and Waukesha
units.
R. R. Shrock made a very detailed study of the Wisconsin
Silurian (see Table 43) from 1930-1935. He visited nearly every
exposure in southeastern Wisconsin.His extensive field notes are
deposited in the Wisconsin Geological and Natural History Survey,
Madison, and rock and fossil specimens are stored in the Milwaukee
Public Museum. Photographs of the exposures which he took during
his field work, unfortunately, cannot be located.In 1939 Shrock pub-
lished his classic work on the Silurian bioherms of Wisconsin. A
manuscript on Wisconsin Silurian stratigraphy was prepared to be
included in a volume on Silurian stratigraphy being edited by C. K.
Swartz, but this volume was never published.
G. 0. Raasch had studied the Silurian of Wisconsin intermittent-
ly since his childhood in Milwaukee around World War I.In the late
1940's and 1950's he prepared a number of manuscripts dealing with
the Silurian geology of Wisconsin in which he correlated a number
of the units with the section in Illinois.Unfortunately, none of
Raasch's Silurian information has been published.Important fossil
collections made by Raasch at this time and later by J. Emielity are
located in the Milwaukee Public Museum collections.
Ostrom (1967) and Berry and Boucot (1970) have described the244
general Silurian section in Wisconsin and, in particular, Berry
and Boucot, have correlated the units with the British type section.
More recently, Frest et al. (1977) have correlated some of
the Wisconsin Silurian units with those in the Chicago area.
The Ordovician-Silurian Boundary in Southeastern Wisconsin
The Ordovician-Silurian boundary is marked by a significant
unconformity throughout the Great Lakes area, including southeastern
Wisconsin.During the Late Ordovician a glacially-controlled eustatic
sea-level change resu?ted in a major regression of the epicontinental
seas. A period of intensive erosion was followed by a transgression
during the Early Silurian after cessation of glacial activity (Berry
and Boucot, 1973; Sheehan, 1973).The resulting erosional topography
and available clastic sediment has greatly affected the character of the
Lower Silurian rocks.It is, therefore, necessary to closely examine
various aspects of the Upper Ordovician rock units in the study area
to fully understand the nature of Lower Silurian depositional environ-
ments.
The Maquoketa Shale is the youngest Ordovician rock unit in
southeastern Wisconsin and the surrounding area.It unconformably
underlies the Lower Silurian rocks throughout the Great Lakes area.
Because of its nonresistant nature there are few natural outcrops
of the Maquoketa Shale in the study area, but its uppermost beds are245
exposed in a few placesalong the western edgeof the Niagara
Escarpment. Informationon t he Maquoketa Shale in thestudy area
is derived primarilyfrom water-well logs,a few cores, and com-
parisons with data from thesurrounding area.The Maquoketa Shale
unconformably overlies theMiddle OrdovicianGalena Dolomite of
the Sinnipee Groupin Illinois (Bushbach, 1964;Templeton and Willman,
1963), andpossiblyin Wisconsin (Ostrom,1967).Ostrom (1967) re-
ported a one footconglomerate at the base ofthe Maquoketa in
Sheboygan County,Wisconsin.Although the unconformityis ero-
sional in nature, theamount of relief is notas great or as locally
pronounced at thaton the upper surface of theMaquoketa.This rela-
tionship is reflected inthe locally consistentthickness of the lower
member (Scales) of theMaquoketa in contrast withthe wide fluctua-
tions in thickness of theupper members. The entireMaquoketa
ranges in thickness from 180to 200 feet in Racine andKenosha
Counties, with a generalincrease towards theeast (Hutchinson,
(1970). An eastwardthickening trend has alsobeen reported in Illinois
(DuBois, 1945) and Indiana(Gray, 1973).In Milwaukee and Waukesha
Counties the Maquoketaranges in thickness from 90to 225 feet (Foley,
Walton and Drescher,1953). A trend inincrease or decrease inthick-
ness of the Maquoketa hasnot yet been determinedin Milwaukee
County. Alden (1918)reported a range inthickness from 40 to 365
feet for the Maquoketain eastern Wisconsin,but his informationwas246
based on turn-of-the-century well drillers' reports and should be
used with some caution.
The Maquoketa Shale is currently divided into three members
in southeastern Wisconsin (Ostrom, 1967, see Figure 22), with the
Neda Oo lite being considered as a fourth and upper member bysome
authors in Wisconsin (Ulrich, 1924; Rosenzweig, 1951) and in north-
eastern Illinois and northeastern Iowa.Froming (1971) gives the
most current description of the Maquoketa in Wisconsin.
The lowest member of the Maquoketa Shale is the Scales Shale.
In the study area, particularly around Milwaukee County, itaverages
about 55 feet in thickness with a range from 40 to 70 feet.Bushbach
(1964) reported a thickness of 90 to 100 feet in northeastern Illinois,
while it reaches a thickness of 150. 9 feet (Froming, 1971) just north
of the study area in Sheboygan County.The Scales Shale is a light
green to gray shale with a few dolomitic beds.
The Fort Atkinson Dolomite overlies the Scales Shale through-
out the study area, and forms an easily recognizable horizon within
the MaquoketaThis member is a coarse-grained, brownish, argil-
laceous dolomite throughout its area of distribution.It ranges in
thickness from 5 to 10 feet.At Oostburg, to the north of the study
area, it reaches a thickness of 51.8 feet (Froming, 1971).The Fort
Atkinson may have been locally removed by pre-Silurian erosion, but
this has not yet been definitely established.Bushbach (1964) has247
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suggested that the Fort Atkinson forms a bench, blocking pre-Silurian
erosion in northeastern Illinois.
The Brainard Shale overlies the Fort Atkinson Dolomite, and
is more variable in composition than the underlying units.It is a
green, fossiliferous shale, with common local beds of argillaceous
dolomite.It varies considerably in thickness, ranging from 0 to 130
feet.The upper portion of the Brainard Shale is the only part of the
Maquoketa exposed in the study area.The variation in thickness of
this unit is due primarily to erosion resulting from a Late Ordovician
regression.This variation accounts for most of the differences in
thickness of the entire Maquoketa.
Because the Maquoketa is seldom well exposed anywhere, the
erosional features of its surface are not well known.It is possible
that a system of hills and valleys following ancient drainage patterns
might exist. What is known is that deep, steep-sided depressions are
not rare on the upper surface of the Maquoketa.Mikulic (1977) men-
tioned the presence of a 120 foot deep "valley" or depression in Sec-
tion 29, T. 8 N., R. 22 E., Milwaukee County, which demonstrates
the rapidly changing differences in topography of the upper surface
of this unit. Evidence for hills may be reflected in the patchy distribu-
tion of the overlying Neda, which is found only where the underlying
Maquoketa is locally at its thickest.
The upper boundary of the Maquoketa is not always conspicuous.249
It is probable that Maquoketa sedimentswere reworked and redeposit-
ed during the Early Silurian transgression since the basalSilurian
beds exhibit a marked upward decrease in argillaceouscontent.It
is possible that some of the uppermost shale beds of the"Maquoketa"
may actulaly be Silurian in age.The age of the Maquoketa Shale is
variable throughout Wisconsin. Recent conodont studies(Froming,
1971) shows that the Maquoketa is diachronousacross the state,
with each member becomingyounger from east to west.Froming
(1971) attributed this relationship toa transgression across Wisconsin
from the northeast to the southwest.It has been similarly found that
the Middle Ordovician Platteville Formation isyounger in the western
part of the state (Atkinson, 1971).
Neda Oo lite
The Neda Oo lite locally overlies the Brainard Shalein eastern
Wisconsin and the Great Lakes area.Major work on the Neda in
Wisconsin has been published by Chamberlin (1877),Thwaites (1914),
Alden (1918), Savage and Ross (1916), Hawleyand Beavan (1934),
Rosenzweig (1951), Ostrom (1967), and most recently,Cunningham
et al. (1976) and Paull (1977).Papers by Workman (1950) concerning
the Neda in Illinois and Brown and Whitlow (1960) andWhitlow and
Brown (1963) on the Neda of Iowaare important descriptions of the
Neda outside of Wisconsin.250
The Neda is predominantlya red, hematitic oolite, with less
common beds of maroon or red shale(see Hawley and Beavan,1934,
for petrographic details).It ranges fromzero to fifty-five feet in
thickness (Thwaites, 1914)in eastern Wisconsin, butis commonly
only a few feet thick inits occurrence.
Thwaites (1914) has shown thedistribution of the Neda ineastern
Wisconsin based on outcropsand well records (seeFigure 23'.No
significant new localities havebeen found, With theexception of a
minor occurrence at Ivesin Racine County, andFranklin in Milwaukee
County.The "redbeds"area in southern Racine, northernKenosha,
and eastern Walworth Countiesdescribed by Thwaites (1914,p. 341-
342) and Alden (1918) isnot Neda.The Brandon Bridge Beds,which
are red highly argillaceous dolomiteand shale, are found in thelower
one-third of the Silurianthroughout thisarea, and its characteristics
match some of the descriptionof the "Neda" given byThwaites and
Alden, accounting formuch, but not all, of the"Neda" indicated in
this area.Thwaites (1923,p. 536) changed his identification ofthe
Neda in Kenosha Countybased on similar evidence.
The Neda, and lithologicallyor stratigraphically similar units,
have been reported fromnortheastern and west-centralIllinois
(DuBois, 1945; Workman,1950), northeastern, central,and south-
western Iowa (Agnew, 1955;Parker, 1971), the west-centralMichigan
Basin (Nurmi, 1971),northeastern Indiana (Gray,1971), easternDISTRIBUTION OF NEDA IRON
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Figure 23.Distribution map of Neda Iron Ore in Eastern Wisconsin
and northeastern Illinois.Modified from Thwaites
(1914) and Workman (1950).252
Kansas (Lee, 1943), southeasternNebraska (Condra and Reed, 1943),
and northwestern Missouri (Crane,1912).
As stated before, the Nedais commonly found only where the
Maquoketa is locally at its thickest,for example, 250 feet in Iowa
(Agnew, 1955) and 200 feet inIllinois (DuBois, 1945).It might,
however, be more accurate toexamine the maximum thickness of
only the uppermost member (Brainard)of the Maquoketa to determine
what control Maquoketa thicknesshas on Neda distributionsince it is
usually the only member to havebeen subjected to erosion.
The Neda is separated from theunderlying Brainard Shale by
a slight unconformity (Chamberlin, 1877).DuBois (1945) has sug-
gested that it might overlie differentelevations within the Brainard
and, therefore, is post-Maquoketain age.
It is noteworthy that the UpperOrdovician in manyareas of the
central United States is characterizedby a calcareous, non-hematitic
oolite which overlies the MaquoketaShale or similar lithologies of
approximately the same age. Examplesare the Noix Oclite of
northeastern Missouri and west-centralIllinois (Amsden, 1974;
Thompson and Satterfield, 1975)and southeastern Missouri(Offield
and Pohn, 1979); the LeemanFormation of southeastern Missouri
(Amsden, 1974; Thompson andSatterfield, 1975); the PettitOo lite
of northeastern Oklahoma (Amsdenand Rowland, 1965); the Keel
Limestone of south-central Oklahoma(Amsden, 1974); part of the253
"Fusselman" Formation ofwest Texas (Wilson andMajewske, 1960);
the Cason Shale ofArkansas (Craig, 1969)(wherea calcareous oolitic
unit overliesa unit containing some hematiticoolites). Some of
these units have beenconsidered Silurian inage, but recent brachio-
pod (Ameden, 1974)and conodont (Craig,1969; Thompson and
Satterfield, 1975) studiesindicate an Ordovicianage for a number
of these units.Oolitic beds in southeasternNebraska are assignedto
the basal Silurian(Carlson and Boucot, 1967).It is possible that
these Upper Ordoviciancalcareous and hematiticoolitic bedsrepre-
sent the same type ofdepositional event duringthe Late Ordovician
regression and EarlySilurian transgression,with the oolitic beds
towards and the northand east being hematiticand those to the
south and west beingcalcareous.These units might notbe synchro-
nous in time, butmay represent similar depositionalenvironments
resulting from a regressionor transgressionover a surface with
major variations inrelief.See Figure 24 fordistribution of these
oolitic beds in the centralUnited States,
The Neda was originallythought to be Silurianin age (Hall,
1861; Chamberlin,1877; Thwaites, 1914;Alden, 1918) becauseof
its lithologic similaritiesto the "Clinton" ooliticiron ore of New York
and Alabama.This stratigraphicassignment was givenin spite of
the fact that all theseworkers knew that theNeda was situated be-
tween the Upper Ordovicianand the lowest recognizedSilurian rocks.254
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This relationship is quitedifferent from the "Clinton"iron ore in
New York and Alabamawhere it is underlain bysubstantial thicknesses
of older gilurian rocks,some of which are thesame age or younger
than those immediatelyoverlying the Neda.
Savage and Ross (1916) haveassigned the Neda to theUpper
Ordovician basedon the presence of Upper Ordovicianbrachiopods
that they found in theNeda at Catell Falls,De Pere, Wisconsin.
Chamberlin (1877) had alsonoted the presence ofhematitic Ordovician
fossils that supposedlycame from the Neda at Iron Ridge,Wisconsin;
however, he believed thatthey had probably beenBrainard fossils
reworked, possibly byglacial activity, intermixedwith and stained
by weathered Neda.The presence of Ordovicianfossils is not definite
proof that the Neda is ofOrdovician age.These could be Brainard
Shale fossils thatwere reworked during the depositionof the Neda,
but the total absence ofSilurian fossils does favoran Ordovician age
assignment, and it is the onlypossible age assignmentuntil Silurian
fossils are found.
Another factor to be consideredin assigning anage to the Neda
is the presence ofMaquoketa-like sedimentsoverlying the Neda in
a few areas. Cores at theVulcan Quarry, Ives,Racine County,
Wisconsin, have shown thatthe Neda is overlainby 10 inches of
Brainard Shale-like rock(Mikulic, 1977).This could be the result
of selected erosion oftopographically highareas containing Neda and256
Brainard with subsequentredeposition in lowerareas during Silurian
transgression. A water-welllog on file at the WisconsinGeological
Survey (ML 569) indicatesthat in the NW 1/4, SW 1/4,Section 25, T.
5 N., R. 21 E., Franklin,Milwaukee. County, beneath thebasal
Silurian, 20 feet ofgreen-gray and yellow-gray shaleoverlies 15 feet
of orange-gray shale withhematitic pellets.This unit has been called
Neda and is underlain bytypical Maquoketa.In northeastern Indiana
red oolitic bedsare overlain by a few feet ofMaquoketa Shale (Gray,
1971) and the oolitesmay be found in different horizonswithin the
upper beds of the Maquoketa.
Another major factor indetermining the age of theNeda is the
presence of unconformities at itsupper and lower surfaces.The
unconformities at itsupper and lower surfaces.The unconformable
contact with the underlyingBrainard Shale is not of thesame magni-
tude as the upperunconformity.The upper unconformityis much
more pronounced and demonstratesthat the Neda bedsare not part
of the Lower Silurian(Mayville) transgressivedepositional sequence.
While none of theseobservations points toa definite Ordovician age
assignment, the Neda shouldcontinue to be consideredOrdovician
until Silurian fossilsare found.
Northwestern Iron CompanyOpen Pit.While thereare a number
of important unansweredquestions concerning theNeda, its relation-
ships to the depositionalenvironments of the LowerSilurian rocks257
are known with some certainty.It is, however,necessary to ex-
amine, in detail,a Neda exposure outside thestudy area (the North-
western Iron CompanyOpen Pit, Neda, DodgeCounty, Wisconsin) to
demonstrate theserelationships.
The abandonedopen pit mine of the NorthwesternIron Company
is located three-fourthsmile north of Neda inDodge County, Wiscon-
sin (Center line betweenSEE 1/4 and SW 1/4,Section 12, T. 11 N.,
R. 16 E., HubbardTownship, Horicon 15'quadrangle)(see Figure 25).
The pit has been duginto the western face ofthe Niagaran Escarp-
ment, which is knownat this locationas Iron Ridge (not to becon-
fused with the villageof Iron Ridge, 1.5miles to the south of the
village of Neda).This segment ofescarpment is approximately 60
feet high and currentlyabout 40 feet of the NedaOo lite and lower
Mayville Dolomiteare exposed in theupper two-thirds of theescarp-
ment.The base of the Nedaand part of the underlyingBrainard Shale
have been exposedduring mining activities,but both are now covered.
The northern two-thirdsof the NorthwesternPit are not well exposed
so the following descriptionis generally basedon exposures around
the "lake" in the pit'ssouthern one-third.
Mining began in thisarea soon after the discoveryof the iron
ore beds during the late 1840's.The NorthwesternPit beganopera-
tion around this time,and was first describedin the geologic litera-
ture by James Hallin 1851.The ease with whichthe ore was removed258
Figure 25.Isopath map of the Neda IronOre bodies in the Neda
Mining District, Dodge, Co.,Wisconsin. After
Rosenzweig (1951).259
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and being the closestore body to the furnace atMayville ensured
continued mining at thislocality.The pit was probablyabandoned
around 1913 whena new shaft mine was openedby the companyap-
proximately one mile to theeast.
A number ofprominent geologists havevisited thisexposure
and it has greatlyinfluenced ideas about thedepositional environments
of the Neda and theoverlying Mayville.Unfortunately, some of the
most important descriptionsof the pit have not beenpublished in any
form, and a number ofsignificant featuresare no longer visible.
Therefore, it isnecessary to discuss all of thepublished and unpub-
lished observationsto obtain a full understandingof the geologic rela-
tionships present at thislocality.
James Hall (1851,p. 156) briefly described the siteof the
Northwestern Pitas follows:
...the superincumbentlimestone recedes to theeastward, and in a bend thus formed,an extensive ore-bed has been opened, by simplyremoving the soil.
Whittlesey (1852,p. 450) had similar observationson the early
features of thisexposure. He stated that theore was found throughout
the entire 60 feet ofthe escarpment at thislocality and was covered
only by soil.He suggested that:
...the upper and externalparts of the bed haveevidently undergone movements,apparently some greatdiluvial force, from the westward,pushing the outcroppingmass up the hill, wherever its facewas not too bold.261
As evidence, he described"line of deposition" inthe ore whichwere
"inclined and curved followingthe form of the hillup and down its
western slope." He foundthat the ore itselfwas loose and weathered,
with some lumps ofclay mixed in.The pit was worked by the
Wisconsin Iron Companyat the time of Whittlesey'svisit, but the
name was changed to the NorthwesternIron Company in 1854 andis
briefly mentioned byDaniels (1854,p. 6 8).
The next importantdescription was given byChamberlin (1877)
who stated that thisparticular pit was knownas the Mayville Mine
at the time of his visit, andwas working what was called theMayville
ore bed. He noted that the dipof the ore at the southernend of the
Mayville ore bedwas towards the southeast, whilefarther to the
north the dipwas northward.
Chamberlin (1877, p.329)also noted that "the thickestportion
of the ore occurs atthe highest elevation,near the center of the
deposit." Even thoughhe implies that thicknessand the dip of the
ore are related, he wenton to suggest that there hadbeen some flex-
ure of strata which wouldaccount for the irregularitiesof bedding.
He also observed theMayville Dolomite overlyingundisturbed ore
and separated bya layer of hard blue ore with fewoolites.Chamber-
lin's (1877; see Figure 26)diagram of the pit showsthat some of the
Neda had been pushedto the southeastover undisturbed ore beds
(which were first beinguncovered at the time ofhis visit), whichf
........ ......
Figure 26.Profile section of the "MayvilleOre Bed" (NorthwesternPit) showing the relations between the (a) MaquoketaShale, (b) the beddedore, (c) drift ore, (d) Mayville, and (f) mixeddrift.(After Chamberlin, 1877,Figure 41). Note that the bands of driftrun obliquely and that the darkore is peculiarly broken on the right (south).Figure 27.Photograph of Northwestern Pit at Iron Ridge, Wisconsin, looking east, showing the Mayville being stripped off of the Neda Ore.
Photographed by W. C. Alden (#418), 1909, courtesy of U.S. Geological Survey Photographic Library.264
accounts for the unusual thickness that was observed by Whittlesey
(1852).Chamberlin attributed this to Pleistocene glacial activity,
which supports Whittlesey's (1852) earlier observations, at least in
a mechanical sense.Chamberlin's diagram also shows the underlying
"Cincinnatian" (Maquoketa) Shale rising to the north with the Neda
uniformly overlying it.As this feature is not discussed in the text
(and Chamberlin admits the diagram does not do the exposure justice),
it is hard to determine its accuracy, but it could be very important
to current ideas on the depositional environment of the Neda.
Alden (1918) described the pit as it appeared duringa 1909
visit.He found that the Maquoketa Shale formed the floor of theopen
cut mine. He states (1918, p. 86):
...the lower face of the uppermost shale layer is covered
with a very remarkable network of varied and curious
forms, which may be of either organic or concretionary
origin.
He also gives a detailed description of the Maquoketa-Neda contact
(Alden, 1918, p. 88):
At the bottom of the ore bed and the top of the shale there is
a hard purplish layer, partly indurated shale and partly ore.
Reference is made above to the remarkable organicor con-
cretionary structures on the lower side of this layer.Just
above this the ore appears to be conglomeratic, containing
pebble-like nodules of soft ocherous rock.
He found the ore to be 15 to 25 feet thick with 10 to 25 feet of overlying
Mayville Dolomite being stripped from above theore before mining.
Alden also found evidence for an unconformity between theore bed265
and the overlying Silurian rocksjust south of the mine (Alden,1918,
p. 88):
...the exposure shows thelimestone ore bed, which is
about 15 feet in thickness,pinching out a little back of
the bluff face (see P. XI,a, p. 81).At the right of the
opening the roof of dolomite dropsdown in a contact wall
which lay against the edgeof the ore that has beenex- cavated.The lower limestone layersare very irregular
and ocherous from theintermixing of the ore with the
calcareous sediments; higherup the layers turn up slightly
against the slope; and above,the beds riseover the sur- face of the ore.This appears to be nota relation normal
to continuous conformabledeposition but an erosionalun- conformity.
Alden concluded that thelimited distribution of theore was due, in
part, to pre-Silurian erosion,which might also account forthe signifi-
cant variation of the underlyingMaquoketa throughout southeastern
Wisconsin.
E. 0. Ulrich visited theNorthwestern Pit in August, 1914,
accompanied by W. Hotchkiss,E. Steidtmann, and F.Thwaites (all
of the Wisconsin GeologicalSurvey).Ulrich and company madea
number of important, butbrief, notes, includingphotographs and
diagrams.Unfortunately, none of thisinformation was ever pub-
lished.Ulrich refers to the mineas the old Northwestern Pit, and
photos taken at that timeindicate it was abandonedwhen he visited
(see Figure 28).Ulrich found that the BrainardShale-Neda contact
seemed to be conformableexcept for small pebbles ofshale mixed
in the basal inchor two of the ore.His diagrams (1914, unpublished266
Figure 28. Photographs of the northernone-half of the east wall of
the "lake" at the Northwestern Pitat Iron Ridge, Dodge
Co.,, Wisconsin.The lower unit is the Neda Ooo lite,
which is overlain by the MayvilleDolomite. A shows
the Mayville overlyinga high area in the Neda. B shows
the Mayville beds wedgingout against the Neda.Photo-
graphs courtesy of Wisconsin GeologicalSurvey (A - No.
772, B - No. 775), taken in 1914.2 6 7
A
B
Figure 28268
field notes; see Figure28).indicate that the Brainard Shaleupper
surface was relatively flatwith no evidence of shalemounds beneath
the mounds of Neda thathe observed in the southwall of the pit.He
was the first to recognize thesemounds or hills in theNeda which
seem to project upward into theMayville Dolomite.In his description
of the overlying MayvilleDolomite Ulrich (1914,unpublished field
notes) notes that the lower4 to 5 feet areconglomeratic in appear-
ance, occasionally containingore pebbles, and a ground-upore ma-
trix, of well roundedMayville pebblesup to 3 inches in diameter.
Ulrich believed theconglomerate to be intraformational"formed by
the breakingup of partly consolidated inclinedsediments nearshore
by waves." In thelower 6 to 8 feet of theMayville he found two
horizons with lensesa few inches in thickness containingdark red,
ferringous clay with oolites.Chemical analysis suggesteda "bauxite
possibly mixed with kaolin."On the westernmost Nedamound along
the south wall, Ulrichfound a conglomerateor coral reefs, which
contained HalLsites andAmplexus.This is the first referenceto the
possibility of carbonate buildupsbeing associated withthe high areas
of the Neda mounds.His notes also indicatethat he believed that the
irregularities in the topographyof the upper surfacesof the Brainard
and Neda weremore controlled by warping ofthe strata than byero-
sion.Ulrich states (1914,unpublished field notes):269
Figure 28. Diagram of thesouth wall of the "lake" ofthe Northwestern Pit, Iron Ridge, Dodge Co.,Wisconsin, showing relation-
ships between the Neda andthe overlying Mayville. Ais
from Ulrich (1914, unpublishedfield notes).B is from
Shrock (1930, unpublishedfield notes) and shows relation-
ships after lower beds inthe pit had been flooded.Note
"mounding" in upper Neda andits influence on the charac-
teristics of the Mayville.Ulrich (1914)
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Even though considerableerosion of the top of theore bed is indicated by contact withthe Mayville I do notbelieve that the ore sheet originallyspread widely over east
Wisconsin and was removed byerosion prior to Mayville
deposition.At Iron Ridgewave work is indicated... The
big break came after andnot before the ore.
Ulrich (1924) included theNeda as the upper part ofthe Maquoketa
in his Wisconsin geologiccolumn.
Savage and Ross (1916)describe a section at the oldore pit
near Neda (Northwestern Pit) basedon work done in 1914, and present
a photograph of the northernpart of the east wall of the"lake" in the
pit.They note a break in depositionbetween the ironore bed and
the Maquoketa.Their section isas follows (Savage and Ross, 1916,
p. 189):
Section of strata exposedin an old ore pitnear Neda
Mayville limestone Feet 4. Dolomite,gray, crystalline, somewhatvesicular, in layers 1 to 4 feet thick 36 A break in deposition.
Iron ore bed
3. Iron ore band, hard,non-oolitic 2/3 to 1-1/3 2. Iron ore, oolitic,reddish-brown, in rathereven
layers, with a thin band ofiron coated frag-
ments of shaly material, andiron pebbles near
the bottom 25-32 A break in sedimentation.
Maquoketa Shale
1. Shale, calcareous,bluish-gray, hard, in layers
3 to 8 inches thick;containing shells of
Hebe rtella occidentalis,Platystrophia
acutilirata and Rhynchotremacapax 8 -10
Savage (1916) presentedan abbreviated section similarto that
of Savage and Ross (1916),but called both unconformitiesa break in272
sedimentation. He noted thepresence of zaphrentoid and favositoid
corals in the lower Mayveilleat the Northwestern Pit andpublished
a somewhat expanded photographof the samearea as that in Savage
and Ross (1916) (Savage,1916, fig.1).
R. R. Shrock made severalvisits to the NorthwesternPit from
1930 to 1934. He madedetailed notes and diagramsof the outcrops
(see Figure 28), includinga brief description and diagramin his 1935
manuscript, none of whichwere ever published.At the time of his
visits the lower portionsof the pit had been floodedto approximately
the current water-level,covering the Brainard-Nedacontact.
Shrock's observations ofthe exposure around the"lake" in the pitcan
be summarizedas follows:
1.The Neda formsa number of moundsor hills, including a large
mound in the northerntwo-thirds of the east wall,a smaller mound
in the southern one-thirdof the east wall, andone or two mounds
along the south wall.
2.The Neda is well laminated,frequently cross-bedded andranges
in thickness from 1 to 25feet above the waterlevel.
3.The top of the Neda ismarked by a thin (2-4in. ) band of
bluish- to steel-grayore which is massive andoccasionally contains
oolites.
4.The overlying MayvilleDolomite is characterizedby two differ-
ent lithologies.The first is a nodularreefal and conglomeraticunit273
0 to 22 feet in thicknesswhich is only foundoverlying the Neda mounds.
The second is typicalin well-bedded MayvilleDolomite, 0 -40 feet in
thickness, and is thick-bedded,gray to buff, vuggy dolomite with
occasional cherty layers.
5.The thickness of thenormal upper MayvilleDolomite is in-
versely proportionalto that of the underlyingnodular Mayville and
Neda.The nodular Mayvilleis thickestover thick portions of the
Neda and rapidly thinsout and disappearsor merges with theupper
Mayville away from themounds. Theupper Mayville thins, drapes
over and dips away from thetop of the nodular Mayvilleand the Neda
mounds, and it fills thedepressions between themounds where the
earliest beds of theupper Mayville wedge out againstthe nodular
beds, indicating theywere deposited in an actualdepression.
6.Both Mayville lithologiesbevel against the Nedawhich has an
irregular surface besidesforming the larger scalemounds.
7.The two differenttypes of Mayville bedsare separated from
each other bya 2 to 4 inch layer ofgreen to maroon colored shale.
8. A 2 to 4 inch layerof sandy dolomitestained yellow and brown,
containing some oolite8,is found between theNeda and the Mayville.
9.The nodular Mayvilleis fossiliferous,containing Favosites,
Halysites, Amplexus,gastropods, illaenidtrilobites (Stenopareia)
stromatoporoids, andpelmatozoan stems.
In general, Shrockrecognized a number ofmounds or hills274
representing pre-Silurian topographic irregularities in the Neda on
which nodular or reefy beds of the Mayville were developed. More
typical Mayville sediment filled in depressions between these higher
areas and later completely covered them.The Mayville and the
Neda are separated by a significant unconformity.The relationships
which Shrock observed are illustrated in Figure 29.
Rosenzweig ( 1951) in an unpublished master's thesis on the
Neda Oolite described the exposures around the town of Neda, includ-
ing the Northwestern Pit.He had access to Shrock's and Ulrich's
field notes and his descriptions of the pit are similar. Rosenzweig
presented an isopach map of the subsurface Neda ore bodies based
on borings (see Figure 25).This map shows that there is a very
large lens in the middle of the entire Northwestern Pit, which ac-
counts for the northward thickening along the east wall in the vicinity
of the "lake" in the southern one-third of the pit.The cross-sections
based on these borings show the Neda to be thickest surrounding
"hills" in the Maquoketa.
More recently, Paull and Paull (1977) and Paull (1977) have
described some of the features at the Northwestern Pit.They also
observed that the Neda forms topographic highs on which the Mayville
was deposited during an Early Silurian transgression.Also, they
note that along the east wall of the "lake" area the Mayville beds
thin and disappear as they approach the thickest portions of the Neda.Mayville
Blue Bond
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Figure 30.Relationships between the Neda and the Mayville along the east wall of the "lake"
at the Northwestern Pit, Iron Ridge, Dodge Co., Wisconsin.Length of walls
425 feet; Height = 32 feet.Data from Shrock (1930, unpublished field notes).276
From these descriptions ofthe Northwestern IronCompany
Open Pit a number ofimportant observationscan be made about the
Neda and Lower Siluriandepositional environments inthis area.It
can be inferred that thesame conditions existed in the studyarea
a short distance to the south.
The contact between theBrainard Shale and theoverlying Neda
Oo lite may be unconformable,but there is no evidencefor a signifi-
cant erosional break.Shale clasts in the basalNeda could easily be
accounted for bya number of environmental changesof short duration,
and not necessarilya major regression or transgression.
The Neda, as a whole,was probably not deposited ina continu-
ous sheet, but may have formedon or around topographic highs of
undetermined origin in theBrainard. Pau 11,(1977)gives the most
recent theories on the originof the Neda, but theproblem has not
yet been satisfactorily solved.
The large Nedaore bodies appear to have formedtwo types of
topographic high areas priorto Silurian deposition.The first and
primary type is that whichis composed ofan entire ore body forming
a mound as indicated by Rosenzweig's(1951) isopachmap, and the
increase in thickness alongthe east wall of the "lake"in the North-
western Pit.The second type is thesmaller, more localizedmounds
or hills which can be seen in theupper beds of the Neda in the southern
half of the east wall andin the south wall of the"lake" area.The277
structure of these smaller moundsappears to be independent of the
structure of the mainore body.a he re is a possioiiity -thatmounding
in the Brainard may bepresent under the main Nedaore body in the
Northwestern Pit whichmay have some controlover the location,
topography, and configurationof the Neda.This is suggested by
Chamberlin's (1877) diagram,observations made by Shrock(1930,
unpublished field notes) thatseveral feet of Maquoketadipping to the
east were exposed above thewater level on the west side ofthe "lake,"
and by the fact that thefloor of the open pit mine(which is supposed
to be the top of the Brainard)appears to slope up towards the north
paralleling the increasingthickness of the main Nedaore body.
Shrock (1934, unpublishedfield notes) later believedthat the shale
he observed was not inplace and it appears thatthe outcrop he ob-
served was rubble frommining activity.It should be pointed outthat
no one actually describeda Brainard mounding feature at thislocality.
Ulrich (1914, unpublishedfield notes) who probablyexamined the
area when exposures were at their bestdid not observe thisrelation-
ship and his diagrams,although somewhat crude,show the Brainard
to be flat lying; the overlyingcomplex featureswere accurately
drawn.His diagrams do indicate,however, that the smallerNeda
mounds were definitelynot controlled by the Brainard.
The Neda appears to havebeen deposited ina high-energy envi-
ronment, as indicated by itscross-bedding and ooliticcomposition,278
and some local moundingon its upper surface may have been deposi-
tionally controlled, as might eachentire ore body. An erosional
origin for this mounding cannot bediscounted since some erosion is
indicated on the upper surface ofthe Neda manifested by thecontinu-
ous band of hard, blue, homogeneousiron ore with a few oolites
forming an irregular surfaceon a smaller scale; this bandwas ob-
served by Chamberlin (1877)and nearly all succeedingworkers.It
does not seem likely that the Nedaore bodies are remnants of aonce
more continuous, now eroded sheet.Reworked Neda oolitesare rare
to absent from areas outsideof the immediate vicinity ofknown ore
bodies.It is probable that the Neda formedby shoaling on or around
pre-existing Brainard highs.This, coupled with the existenceof
possible Mayville carbonatebuildups covered by thin, redshale
layers possibly representingeroded Neda and finally normalMayville
deposition covering all of theseunits, may reflect a series ofregres-
sions and transgressions duringLate Ordovician-Early Silurian
glacial eustatic sea level changes.In any event, the Neda still
needs detailed work to establishits true depositional environment.
Lower Silurian
In this study, the LowerSilurian rocks are those foundbetween
the Ordovician MaquoketaShale and the Silurian BrandonBridge
Beds.These pre-Brandon BridgeSilurian rocks are not currently279
well exposed in southeasternWisconsin.There are a number of
discontinuous naturaloutcrops in Waukesha,Walworth, Racine, and
Washington Counties, butit is difficult to placethem in a definite
stratigraphic position becauseof their limited verticalthickness and
lack of upperor lower contacts.The deep quarriesat Ives (locality 9,
Appendix II) in RacineCounty, and at Waukesha(locality 41, Appendix
II) are currently beingworked through thesebeds and supplemented
with core materialfrom other areas providesome insight into the
nature of these pre-BrandonBridge units.
Depositional Environment
As previouslymentioned, the surface,of the Maquoketawas
subjected to intensiveerosion after the Ordovicianregression. As
the Silurianseas transgressedacross this surface, Maquoketaargil-
laceous sedimentswere eroded and incorporatedwithin the Lower
Silurian carbonates.The depressions andvalleys in the Maquoketa
surface were filled inmore rapidly than the highareas, resulting in
a variable thickness insome of the basal Silurianrock units.
The equivalents of theselower Silurian rockunits in Wisconsin
are known from northeasternIowa and northeasternIllinois.Brown
and Whitlow (1960)described the basalSilurian units in theDubuque
area of northeastern Iowa.The Lower SilurianEdgewood Formation
was found to fill irregularitiesin theeroded surfaceof the Mequoketa280
Shale.The Edgewoodranges in thickness from nine to 116feet in
that area, and isa gray dolomite with highly argillaceouscontent at
the bottom of the unit whichdecreases upward. Somechert is present
at the top.Brown and Whitlow (1960,p. 36) believed that:
...the Edgewood dolomiteis a shallow-water marinedeposit formed in a sea that transgressedover the eroded surface
of the Maquoketa shale.While sedimentswere being de-
posited in the low places,Maquoketa shale hills suchas the
one in this quadrangle were either abovesea level or, if
covered by the sea,were not receiving sediments. Frag-
ments of the upper part of theMaquoketa shale in local
conglomerate layers of the Edgewooddolomite indicate that
these hills were being erodedas the Edgewood was being
deposited. Much argillaceousmaterial in the lower partof the Edgewood probablywas eroded from the hillsor islands
of Maquoketa shale, andrelative purity of the dolomitein
the upper member of theformation is a result of thewater's clearing after the summits ofthe Maquoketa shale hillswere covered by sediments.
Whitlow and Brown (1963)subsequently describe theMaquoketa-
Edgewood contact in DubuqueCounty, Iowa, as havinga basal one
foot conglomeraticzone which contains fragments ofshale, dolomite,
and phosphatic nodules fromthe Maquoketa set inan argillaceous and
dolomitic matrix.Similar zones have beenrecognized at the Ordo-
vician-Silurian contact incores from the Vulcan quarriesat Franklin
(locality 70, Appendix II) andSussex (locality 49, AppendixII),
Wisconsin. However, theabsence of this zone shouldnot be consid-
ered to indicatea gradational contact between theMaquoketa and the
Lower Silurian rocks.The Lower Siluriantransgressive features of
initial erosion and redepositionof Maquoketa sedimentsmay have281
masked the original Maquoketa surface.
Willman (1973) described a nearly identical situation to Brown
and Whitlow (1960) and Whitlow and Brown (1963) in northeastern
Illinois.There the Lower Silurian units are also directly controlled
in composition and distribution by the underlying Maquoketa.The
lowest unit in the section is the Wilhelmi Formation, a highly argilla-
ceous gray dolomite (Willman, 1973).The unit is occasionally cherty
near the top and has a dolomitic shale at its base. Willman (1973,
p. 12) states that the wilhelmi:
...fills, or nearly fills, channels eroded in the underly-
ing Brainard Shale... The Wilhelmi is as much as 100
feet thick in the deeper channels but is absent or very
thin in the areas between the channels.
The Wilhelmi beds found on top of the Neda are composed of 10 1/2
inches of highly argillaceous dolomite containing some oolites.
The Elwood Formation overlies the Wilhelmi and consists of
25 to 30 feet of pure to slightly argillaceous, brownish gray dolomite
with common layers of white chert nodules.The Elwood Formation
is also largely confined to Maquoketa channels and valleys and it thins
and disappears in inter-channel areas.
In some areas the Kankakee Formation directly overlies the
Wilhelmi with the Elwood being absent (Willman, 1973).
The Lower Silurian rocks of southeastern Wisconsin probably
originated in a very similar depositional environment as those in282
northeastern Iowa and northeastern Illinois.The Maquoketa does
have locally significant variations in releif as in Iowa and Illinois,
and the Silurian rocks locally exhibit major differences in thickness,
probably resulting from the same inversely proportional relationships
between the Upper Ordovician and the Lower Silurian as that described
in Iowa and Illinois (Brown and Whitlow, 1960; Whitlow and Brown,
1963; Willman, 1973).The basal Silurian rocks in all three areas
are commonly very argillaceous because of the incorporationof
reworked Maquoketa Shale.This makes the determination of the
exact position of the Ordovician-Silurian boundary difficult to recog-
nize.Moretti (1971) and Paull and Paull (1977) have stated that the
Ordovician-Silurian boundary is transitional in eastern Wisconsin.
In the water well logs on file at the Wisconsin Geological and. Natural
History Survey there appears to be a great deal of variation in what
is considered to be the boundary, particularly in the older logs, and
without examination of the original well cuttings it is difficu It to deter-
mine the correct position of the boundary.This problem is further
complicated by the presence of dolomitic beds in the Brainard and
the Fort Atkinson which are not always accurately differentiated litho-
logically from Silurian dolomites in the logs.I have, therefore,
used the last appearance of true shale as the upper boundary of the
Maquoketa in the logs since there are no shale beds in the Lower
Silurian.This probably involves an error of less than 5 feet where283
the lithologic descriptionsare detailed.
It is probable that erosionand redeposition of Maquoketasedi-
ments during the Early Siluriantransgression resulted insome of
the initial Silurian bedsbeing lithologically identicalto the Maquoketa
Shale, but Silurian inage, particularly in the deeper erosional
valleys. As suggested byBrown and. Whitlow (1960) thedecrease
in argillaceous content ofthe Lower Silurian carbonatesmay be the
result of the complete floodingof higher elevations of theMaquoketa.
Litho logic Characteristicsand Correlation in Wisconsin
The lithologic characteristicsof the Lower Silurianrocks seem
to be quite variable, withlittle lateral continuityover wide areas,
in southeastern Wisconsin.This is probablya result of the scarcity
of data points and nota real feature.Correlation with surrounding
areas has not been entirely successfulalthough the Lower Silurian
section at Ives in RacineCounty is similar to thegeneral section
in the Chicagoarea with the Elwood absent,or at least noncherty,
and with a possible, thinsection of Wilhelmipresent.This correlates
with the Lower Silurianat Franklin and withcores in the center of
Milwaukee County. At theselast two localitiesa coarse-grained to
granular, thick-bedded,vuggy, reddish-brown dolomitecomposes
most of the Lower Siluriansection.Towards the west (Waukesha)and
northwest (Sussex)core information indicates that theLower Silurian284
becomes very cherty fromtop to bottom, whichmay, in part, include
some equivalent beds of the ElwoodFormation of northeasternIllinois.
A correlation of theseexposures with those of the typeMayville, 30
miles to the northwest, havenot as yet been successful,although
the general lithologies ofthe two areasare similar.The poor corre-
lation of these units is dueto that lack of data betweenthese localities
and the incomplete sectionat Mayville.The Virgiana bed at thetop
of the Mayville has notbeen recognized in the studyarea. Willman
(1973) correlated most ofthe Mayville and ByronDolomites with
the Kankakee Formation,and also suggested that theoverlying
Hendricks Formationmay be equivalent to the PlainesMember of
the Kankakee Formation.It is likely that.theseunits correlate in
some manner, but untilmore information is available precisecorrela-
tion is impossible. AByron correlation with higherunits cannot be
ruled out.Previous workers have correlatedthe Byron with the
Waukesha Dolomite basedon similar general characteristics,however,
the lithologies of thesetwo units are not really alikeand the position
of each unitappears to be quite different in thestratigraphic section.
Carbonate Buildups
Silurian carbonate buildupsfirst appear in thepre-Brandon
Bridge Beds at Ives, andpossibly in equivalent bedsat the Halquist
quarry (locality 48, Appendix II)near Sussex.These buildupsare285
not well exposed, but appear to be onlya few tens of feet high and
less than 100 feet in diameter.They are not particularly fossilifer-
ous, but contain Halysites and pelmatozoans at Ives.The buildups
contrast sharply with the surrounding beds, beingmas,sive and vuggy,
and laterally the beds appear to wedge outagainst the buildups.Under-
lying beds seem to have been depressed bythe buildups. No carbonate
buildups are known in the Brandon Bridge andWaukesha unless the
buildups in Unit Y at Halquistquarry should prove to belong to the
Waukesha.
Brandon Bridge Beds
History of Research, Terminology, and PreviousUsage
The name Brandon Bridge Beds,as used in this discussion of
Wisconsin exposu res, is an informalusage of the name Brandon
Bridge Member of the Joliet Formationas described by Willman
(1973) in northeastern Illinois.The Wisconsin and Illinois rock units
termed Brandon Bridge are lithologicallyvery similar and occupy the
same stratigraphic position, however, sincea different terminology is
used for the overlying rock units in Wisconsin,I feel it is inappropri-
ate to refer to the Brandon Bridge in Wisconsinas a member of the
Joliet.
The Brandon Bridge is probably themost lithologically distinct286
Silurian unit in southeasternWisconsin, being characterizedby a
red, green, darkgray, or maroon color and beingrather thin- and
irregular-bedded, highly-laminated,highly argillaceousdolomite.
These beds have long beenexposed in the easternpart of Walworth
County, near Burlington,where the bedrock is quiteclose to the
surface (see locality 2,Appendix II).The quarries aroundBurlington
have long been famous forspecimens of the trilobiteStenopareia
imperator, but the stratigraphicposition of these rockswas not well
understood.Percival (1856) and Hale (1860,unpublished field notes )
correctly suggested that thebeds at this localitywere part of the
Lower Silurian. Lapham (1865,unpublished field notes;see Table 43),
however, placed the "BurlingtonIllaenus Beds" between theRacine
Dolomite and WaukeshaDolomite. He had describeda two foot thick
bed in this stratigraphicposition at Waukeshaas "Racine Limestone,
while more compact withlarge Illaenus, like thoseat Burlington,
Racine Co." This correlationwas apparently basedon the presence
of similar fossils (Illaenus)and not any lithologiccharacteristics.
Chamberlin (1877,p. 3 72-3 76) also considered therocks exposed
west of Burlingtonas belonging to the RacineDolomite. He did state
(p. 208-209) that theserocks had a characternot seen elsewhere,
but gave noreason for assigning these bedsto the Racine.Thwaites
(1912) and Alden (1918)recognized the similarityof these rocks to
those exposed in thequarry near Burlington.Thwaites (1923) later287
stated that the redbedsin that area were netiron ore (Neda).
Brupee (1932) founda distinctive zone of siliceousplane-coiled
Foraminifera in insolubleresidues from samplescollected by Shrock
from the Brandon Bridgedolomite in the Voreequarry near Burling-
ton.He was also able torecognize this samezone in water-wells at
Burlington, Racine, andWaukesha. Burpee assignedthis zone to the
Waukesha Dolomite.This assignment isincorrect since the rocksin
question are lithologicallydistinct from the Waukeshaand the horizon
in which he found theforaminiferans in the water-welllogs at Burling-
ton, Racine, and Waukeshais consistent witha placement in the
Brandon Bridge Bedsbeneath the WaukeshaDolomite. Shrock (1935)
summarized Burpee's workand assigned theforaminiferan zone to the
Byron Dolomite, butinformation previouslypresented by Burpee indi-
cates that insoluble residuesof definite Byron bedsare quite different
from those containingthe foraminiferans.Karges (1934)was further
able to extend Burpee'sforaminiferan zone, basedon insoluble resi-
dues in water-wellsamples, when he locatedthe zone in Wauwatosa
City Well No. 6, westof Schoonmaker reef.Based on patterns of
insoluble residues thatBurpee presented it isfurther possible to
extend this zone to theMilwaukee Journal wellin downtown Milwaukee
(east of the Wauwatosawell), and possiblyto Cedarburg, although
fcraminiferans are notpresent in either of thesetwo wells. Examina-
tion of water-wells to thenorth revealno similar zone and the288
insoluble residue patterns are too variable to accurately extend this
horizon northward.
Ball (1940) was the first to correlate this unit with exposures
outside of Wisconsin, stating that the rocks expsoed in the Burlington
quarries were the same as those exposed at Aurora, Illinois.Raasch
(1955, unpublished manuscript) further correlated these beds with the
lower part of the Joliet Formation in Illinois and subsurface beds
in southern Michigan.
Frest et al. (1977) stated that the Brandon Bridge Beds had
been uncovered at the bottom of the Ives quarry, north of Racine,
which is the first exposure of this unit outside of the Burlington area
in Wisconsin.Mikulic (1977) indentified the Brandon Bridge Beds
at Franklin and at Waukesha, indicating that the character of this
unit is variable to the north.
The first detailed description of the Brandon Bridge was made
for the exposures around Joliet, Illinois, where the unit was at one
time best exposed.The name Brandon Bridge was first applied to
rocks in this area.In 1926, Savage described rocks at Joliet as
being the lower part of the Joliet Formation; these rocks are litho-
logically identical to those of the Brandon-Bridge Beds in Wisconsin.
He also described the relationship between the Brandon Bridge and
the underlying Kankakee Formation, which is a major criterion
for identifying the Brandon Bridge Beds.Savage (1942) later289
separated this unit fromthe Joliet Formationand gave it thename
Rockdale. Dunn (1942)described a large Silurianforaminiferan fauna,
including a number ofspecies from the BrandonBridge around Joliet
which are from thesame zone described by Burpee(1932) in Wiscon-
sin.Willman (1943) subdividedthe Joliet Formation andincluded
Savage's (1942) Rockdaleas the lower two units of theJoliet.He
later (1973) named theselower beds the BrandonBridge Member of
the Joliet Formationand presented the followingdescription (1973,
p. 20-21):
The Brandon BridgeMember, the shalyzone at the base of the JolietFormation, is named hereinfor Brandon Bridge, whichcrosses the Des Plaines Riveron the south- west side of Joliet.The type section is inthe quarry just south of the bridge(Joliet-Lincoln Quarry Section).The Brandon Bridge is atleast partly equivalentto the zone that Savage (1942) removedfrom the Joliet andnamed Rockdale. "Rockdale" was preempted,and the name hasnot been used. The Brandon BridgeMember is 25 feet thick inthe type section and withina foot or two of that in othersec- tions at Joliet and in thedeep quarries at Hillsideand Elmhurst.It is partly exposedin the Du Page Valleya mile south of Naperville,Du Page County... andin the. Fox Valley a mile south ofBatavia, Kane County...The Brandon Bridge Member thinssouthward from the typelocality, and it is only 10 feet 6 inchesthick in a small ravineon the north side of the KankakeeRiver, a quarter ofa mile east of Warner Bridge in KankakeeCounty...
In the Jolietarea, the Brandon Bridge isseparated into two parts bya green to black shale, locallyas much as 1 foot thick, slightly abovethe middle of the member.
The lower part ismore shaly and contains beds ofred crinoidal dolomite andgreenish gray,very argillaceous dolomite. Somegray beds are mottled with red.The strata above the shaleare less shaly and are largelygray, mottled green and red.The upper contact isplaced at the highest strong shalyparting.In other areas, the red290
crinoidal beds are less common and some of the very
argillaceous beds are dark red, as at Lemont and
Elmhurst. The member is thin bedded, and many
bedding planes have fucoidal markings. Except for
the siliceous foraminifera, the Brandon Bridge is not
very fossiliferous, but large specimens of the trilobite
Bumastus are occasionally found, particularly in the
middle shaly zone.
Lower Contact
An important feature in recognizing the Brandon Bridge is the
lower contact with the Kanakakee Formation.This lower contact was
not exposed in Wisconsin until recently, but was described by Fisher
(1925), Savage (1926), and Willman (1943, 1973) in northeastern
Illinois.The upper one and one-half to three feet of the Kankakee
Formation is a pure white massive bed of dolomite (Plaines Member)
containing specimens of the brachiopods Pentamerus and Micro-
cardinalia (Willman, 1973). Willman also remarked that the upper
surface of the Plaines is smooth, with some pitting, and is interpreted
as an unconformity or subaqueuos interruption of sedimentation.
Lithologic Characteristics
In southeastern Wisconsin the Brandon Bridge Bedsare recog-
nized in Kneosha, Racine, the south half of Milwaukee and Waukesha,
and the east half of Walworth Counties (see Figure 31).The thickness
ranges from 42 feet at Racine, 54 feet at Franklin, Milwaukee County,291
Figure 31. Distribution of BrandonBridge Beds in southeastern
Wisconsin. Known localitiesexhibiting these bedsare
indicated by closed circles;localities where the Brandon
Bridge is known definitelynot to occur are indicated by
X.Possible occurrences of BrandonBridge are indicated
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to 26 feet to zero feet at Waukesha.The lithologic characteristics
of the Brandon Bridge aroundRacine and Burlington, RacineCounty,
are very similar to that of the Chicagoarea.The rock is a highly
argillaceous to shaly, thin- tomedium-bedded, finely laminated,
low porosity dolomite whichvaries in color fromgreen, pink, red
or dark gray.There are more crystallinelayers in the upperone-
half of the unit.At Franklin, MilwaukeeCounty (locality 70, Appen-
dix II) the rock is less shalyand the prominent red tomaroon colora-
tion is absent; the greenish-pink-graycrystalline beds characterize
most of the unit here.
In the Chicago area, it hasbeen observed that themore shaly
beds of the Brandon Bridgeare discontinuous.In the Federal quarry,
Materials Service Corporationat 47th Street and East Avenuein
McCook, Cook County, Illinois,core information has revealed that
shaly Brandon Bridge ispresent in the eastern one-third ofthe
quarry, but is absent from the westerntwo-thirds.The more typi-
cal argillaceous dolomite bedsare present throughout thisquarry.
Cores drilled throughout theChicago area for the DeepTunnel Sewer
Project have seldom encounteredthe shaly Brandon Bridge beds
(Hartz Engineering, 1975).It is possible, however, thatthe Brandon
Bridge has been included in theMarkgraf where the shaly bedsare
absent. McGovney (1978) indicatedthat the Brandon Bridge forms
a high area under the centralcore of the Thornton reef, but that it294
is absent from the surrounding area.
In the city of Milwaukee, the Brandon Bridge Beds have been
recognized in a number of recent cores (Mi-1, Mi-2, Mi-7, Mi-12,
and possibly Mi-3; see Figure 78) of the Milwaukee Water Pollution
Abatement Program. With the exception of M-3, it has similar
lithologic characteristics to the quarries to the south.In these
cores the Brandon Bridge Beds are easily separated from the reddish-
brown crystalline beds in the lower part of the Silurian, but are very
similar to a few thin beds just above the Ordovician-Silurian contact.
Some maroon-colored rocks have also been found in the Racine
Dolomite, so correlation of this unit by color alone is not always
reliable, particularly in water-well logs.The position of the
Brandon Bridge in these cores agrees with the placement of the
Brandon Bridge in the Wauwatosa well and the Milwaukee Journal
well based on Karges (1934) data.
Unconformity at Waukesha
West of Milwaukee County, the Brandon Bridge Beds become a
dark gray, thin-bedded, finely-laminated, argillaceous, fine-grained
dolomite, best exhibited in the south end of the west quarry of the
Waukesha Lime and Stone Company (locality 41, Appendix II).Only
a few patches of typical grayish-purple rock are found at this locality,
but the general lithologic characteristics and stratigraphic position295
leave no doubt that these beds belong to theBrandon Bridge.In this
quarry relationships between the Brandon Bridgeana other units
are present that cannot be seen elsew-here.Mikulic (1977) briefly
described and illustrated these relationships,which were only parti-
ally exposed at that time.
At the south end of the westquarry the Brandon Bridge overlies
an eight and one-half foot thick, very dense, thick-bedded,light brown
dolomite having an almost lithographictexture and breaking with a
conchoidal fracture on vertical surfaces.The upper surface of this
unit has the same smooth, pittedappearance as the Plaines Member
of the Kankakee Formation, which, inaddition to its lithologic charac-
teristics, indicates that at least theupper portion of this unit is
equivalent to the Plaines.This unit does, however, lack fossils.
The surface of this unit gently undulatesin some places, havinga
relief of five inches toone foot.In the east quarry of the Waukesha
Lime and Stone Company theupper surface of this unit exhibited an
east-west trending, assymetrical ridge, havinga relief of up to three
feet, with the south side being steeper thanthe north.The contact
between the Plaines and the Brandon Bridgeis very sharp.
In the east quarry and the south end ofthe west quarry the
Brandon Bridge has a uniform thicknessof 24 to 25 feet and consists
of thin-bedded, platy, argillaceous,highly laminated, non-porous
dark gray dolomite, becomingthicker-bedded, less argillaceous,296
and more crystalline towards the top.The lower beds drape over
the irregularities in the Plaines.The rock is generally unfossilifer-
ous although the more crystalline beds contain some scattered pel-
matozoan debris.The overlying contact with the Waukesha Dolomite
is not as sharp as the lower contact.The upper Brandon Bridge Beds
become more crystalline and end abruptly being separated from
typical Waukesha Dolomite by a prominent bedding plane.
The Brandon Bridge is rather uniform in its characteristics
for 1300 feet north along the west wall and 2100 feet north along the
east wall from the south end of the west quarry. At these pointsa
thin, cherty conglomerate appears between the Brandon Bridge and
the Plaines and continues for some distance northward (see Figure
32).The surface of the Plaines near the conglomerate shows thesame
characteristics as to the south and also a series of low ridges and
troughs with relief of up to one foot are present, appearing to have
a northeast-southwest trend.The conglomeratic bed first appears
on the northwest side of one of the ridges and also fills in cracks in
the surface of the Plaines.
The conglomerate contains abundant chert nodules and frag-
ments, ranging from sand size particles up to four inches in diame-
ter, and some possible glauconite.Silicified fossils are present in
the upper surface of the conglomerate, including tabulate corals,
pentamerid? brachiopods, pelmatozoan calices, and bryozoans.297
Figure 32. Map showing location ofsump (x), conglomerate zone
(heavy dashed line) and fault (heavysolid line) in the
west quarry of the Waukesha Limeand Stone Company
(locality 41, Appendix II) WaukeshaCounty, Wisconsin.s6.
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Most of the fossils appear to be worn andsome seem to be preserved
in a living position.The upper surface of the conglomerate hasa
platy layer that appears to be cracked andinfilled with a greenish-
gray clay.
At the sump (see Figures 32 and 33)a more complex develop-
ment in the relationships between these unitsis exhibited.The con-
glomerate locally reachesa thickness of up to three feet.West from
this point a now removedquarry face showed the Plaines thickening
towards the west with the overall elevationof its upper surface rising
to the west-northwest. The Plaines isstill characterized by a smooth,
pitted surface here, with occasionallarge depressions.The cherty
conglomerate continues to occur between theBrandon Bridge, but 21
feet west of the sump it is onlya few inches thick, and the Plaines
has thickened an additionalone and one-half feet with the Brandon
Bridge thinning accordingly.Fourteen feet further westa six inch
bed of cherty dolomiteappears overlying the Plaines and underlying
the Brandon Bridge.Thirty-three feet to the west of this pointthe
cherty dolomite has thickenedto three feet and the Brandon Bridge
continues to thin.The Plaines is no longer increasingin thickness.
Eighty-five feet to the west (153 feet fromthe point where the Plaines
first increased in thickness) the chertydolomite has increased to
ten and one-half feet while the BrandonBridge continues to thin.
Most of this quarry wall, west of thesump, has subsequently been300
Figure 33. Unconformity between the Plaines Beds and unnamed
cherty dolomite and the Brandon Bridge Beds in the
west quarry at Waukesha Lime and Stone Company
(locality 41, Appendix II), Waukesha County, Wisconsin.
A: East-west wall, looking north, showing thinning of
Brandon Bridge and thickening of underlying Plaines and
unnamed cherty dolomite to west (left).Sump is at right.
July, 1977.
B: North-south wall, looking east, after removal of most
of wall in (A), showing the same relationships. Sump is
at right.Lower units are thickening towards the north
(left).August, 1977.302
removed, revealinga north-south cut, and thesame general relation-
ships just describedwere present, but over a shorterdistance.
A detailed section of thePlaines-Brandon Bridge contactat the
sump (see Figure 34) shows thefollowing:
I.Typical Brandon Bridge Beds
ILConglomerate:
18 in.Crystalline, laminated, lightgray dolomite
with uneven surface
2 in.Dark gray, laminated clay
2-3 in.Light gray, crystallinedolomite with some chert
fragments and verticallyoriented clasts
6-7 in.Cherty conglomerate similarto below, but with
large chert nodules
1 1/2-3 in.Crystalline dolomite fillingdepressions in
underlying unit whichaccounts for its variable
thickness.
1/4 in.Dark gray clay
1/2 in.Crystalline, fine-grained, lightgray dolomite
with irregular surface
1/2 in.Cherty conglomerate
III.Plaines Beds
About 25 feet north of thewest end of the sump thefollowing
section is present:
I.Brandon Bridge Beds
II.Conglomerate:
4 in.Crystalline, light gray dolomitewith irregular
"domed surface303
8 in.Finely laminated Brandon Bridgelithology
7 in.Thin, platy, crystalline dolomitewith some
pelmatozoan debris interbedded withhighly
argillaceous layers
9 in.Cherty dolomite with irregularsurface covered
by thin layer of darkgray shale which fills in
depressions
III.Plaines
The Plaines reaches its maximumthickness at theappearance
of the overlying cherty dolomiteunit and remains at this thicknessto
the north.The cherty dolomite continuesto thicken towards the
north as the Brandon Bridge thins.When traced laterally it becomes
apparent that layers are being addedto the top of the cherty dolomite.
Some of the chert nodules projectlaterally several inches out
of the cherty dolomite unit,appearing to be "undercut." Thesenod-
ules were later underlain and surroundedby the matrix of thecon -
glome rate, indicating they projectedoutward in the samemanner
during deposition of theconglomerate.
Thirty feet farther north the chertydolomite continues to in-
crease in thickness and the conglomeratebecomes discontinuous and
is only found filling local depressions.At this point there isa thin,
irregular, dark gray shaly layer betweenthe Brandon Bridge and the
cherty dolomite. About 30 feetnorth the quarry facecurves to the
west (see Figure 34) and theBrandon Bridge thins and disappears
while the cherty dolomitecontinues to increase in thickness.The top304
Figure 34. Unconformity between the Plaines Beds andunnamed
cherty dolomite and the Brandon Bridge Beds in the
west quarry of the Waukesha Lime and Stone Company
(locality 41, Appendix II), Waukesha County, Wisconsin.
A: Shows unconformable relationships between the
Brandon Bridge and underlying unnamed cherty dolomite
unit, about 90 feet north of the sump. October, 1977.
B: Shows Brandon Bridge Beds wedging out to the north
against the underlying, thickening unnamed cherty
dolomite unit at the same location as A.Dendroid
graptolites and Dalmanites occur in the Brandon Bridge
at this location.October, 1977.Wall in background
shows Waukesha Dolomite overlain by massive Romeo
Beds of the Racine Dolomite.3 05
A
B
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16 feet of the BrandonBridge has been removed byquarrying in this
area, but it can be assumed that itcontinued for some distanceto
the north and west.
From the sump northas the Brandon Bridge beginsto thin, a
number of unusual and wellpreserved fossils have beenfound.
Scattered specimens of disarticulatedStenopareia occur whichare
typical of the Brandon Bridgein most other localities,but appear to
be absent in the southernpart of this quarry. Mostnotable is a
fauna of abundant dendroidgraptolites.The dendroidsoccur on a
few bedding planes inan extremely dense, fine-grained,well-bedded,
highly laminated, lightgray dolomite-occurring in bedsapproximately
three inches in the lowertwo feet of the Brandon Bridge,approxi-
mately 80 feet north of thesump.This horizon would be aboutfive
to six feet above the base of theBrandon Bridge in the southernpart
of the quarry.In the same vicinity,a number of complete specimens
of the trilobite Dalmaniteshave been found aboutsix inches above the
cherty dolomite ina very thin-bedded, highly laminatedplaty, gray
dolomite interbedded with thin,dark gray shale layers.These beds
are associated with more crystallinelayers that are somewhatirregu-
lar in appearance.In the more shaly layersa' few monogratids have
been found.
In this area the contactbetween the Brandon Bridgeand the
underlying cherty dolomite isextremely sharp and welldefined with307
no conglomerate present.
North of the fault (see Figure 32) and about 6 00 feet north of
the sump, the upfaulted cherty dolomite has a thickness of 21 feet
and is overlain by about three feet of laminated, argillaceous, light
gray to brown dolomite, which may represent the upper beds of the
Brandon Bridge.At Halquist (locality 48, Appendix II) and Vulcan
(locality 49, Appendix II) quarries four miles to the north, the
Brandon Bridge is absent.
In summary, it appears that the upper surface of the Plaines
represents an unconformity of undetermined origin and duration.
At least 21 feet of cherty dolomite underlain by the Plaines
and three feet of the Plaines itself have been removed in the southern
part of the west quarry.
The conglomerate is primarily composed of noncarbonate ma-
terial derived from the cherty dolomite unit which accumulated in
depressions at the base of the slope which reses to the north and west
with the thickening of the Plaines and the cherty dolomite.
The upper surface of the cherty dolomite has some of the same
characteristics as the surface of the Plaines (smooth, undulating,
pitted).
Little or no carbonate material is found in the conglomerate
indicating it probably resulted from dissolution of the cherty dolomite
beds as opposed to mechanical erosion. A few patches of308
conglomerate appear to be filling small depressions in the south
side of the quarry, but these exposures are inaccessible.
The Brandon Bridge drapes over the Plaines and appears to
have infilled the area south of the conglomeratic zone where the
cherty dolomite and part of the Plaines have been removed.The
Brandon Bridge Beds drape over the cherty dolomite where thecon-
glomerate is absent.The lower Brandon Bridge Beds generally
follow the dip of the slope on the surface of the underlying cherty
dolomite, but wedge out upslope.This indicates that the apparent
relief of the cherty dolomite was real at this time of Brandon Bridge
deposition.
The duration of the unconformity is unknown.The upper beds
of the Brandon Bridge have produced a few conodonts ofan Upper
Llandoverian-Lower Wenlockian age (J. Barrick, 1977, personal
communication).This age corresponds to that of the upper two-thirds
of the Brandon Bridge in northeastern Illinois (Liebe and Rexroad,
1977).The occurrence of the trilobite Stenopareia in these beds indi-
cates a Liandoverian-Early Wenlockian age.The graptolite Mono-
graptus spiralis indicates a very late Llandoverian age for the Brandon
Bridge at this quarry.
Age of the Brandon Bridge
The overall age of the Brandon Bridge in southeasternWisconsin309
appears to agree with the Late Llandoverian-Early Wenlockian age
assigned to the Brandon Bridge in northeastern Illinois by Liebe and
Rexroad (1977). Berry and Boucot (1970) assigned the underlying
Plaines Member to a CI -C2 position in the Llandovery.
Fauna
With the exception of the fossils found in the Brandon Bridge
at Waukesha described above, fossils are rare.The microfossils
described by Burpee (1932), Dunn (1942), Gutschick (1941), Ball
(1940), and Liebe and Rexroad (1977) are characteristic of this unit.
The most characteristic fossil in the Brandon Bridge, however, is the
trilobite Stenopareia imperator. A few pelmatozoan stem sections
and rare orthocones are also present.Vertical and horizontal bur-
rows or trails are common in some of the more shaly layers.
Waukesha Dolomite
Name and Previous Usage
The Waukesha Dolomite was the first Silurian stratigraphic unit
to be officially named in southeastern Wisconsin.Unfortunately, the
original lack of a designated type section and the inclusion ofyounger,
lithologically similar, rock units in early reportson the Waukesha
Dolomite have led to much confusion as to its true stratigraphic
relationships.310
The name Waukesha Limestone was proposed by Increase A.
Lapham (1851, p. 170) for his unit VI in his geologic column for
southeastern Wisconsin. Lapham described the Waukesha as being
underlain by an unexposed sandstone unit (V) and described the
Waukesha as follows (1851, p.170):
Throughout the county of Waukesha, is found a hard, white,
or bluish-white limestone, which, as it appearsto be new,
I porpose to call the Waukesha limestone.It forms an
excellent and beautiful building material, being disposed in
regular layers from a few inches to a foot or more in thick-
ness.It does not, however, receive a good polish, being
in many places filled with small, irregular cavities, occa-
sioned probably by the decay of some mineral substance.
It contains but few fossils: the most remarkable are two
large species of Orthocera.These, with a spiral-chambered
shell and a Trilobite, are all that have been discovered.The
Waukesha limestone extends eastward along the Menomonee
river of lower Wisconsin, to within three miles of Milwaukee,
where it is extensively quarried for building purposes in the
city.At this point it is only thirty-three feet above the level
of Lake Michigan, while at the village of Waukesha, twelve
miles west, it has an elevation of about two hundred and
fifty feet.
The unit (VII) overlying the Waukesha was described as (Lapham,
1851, p. 170):
A soft, yellow limestone is found on the Menomonee river
of southern Wisconsin, resting immediately upon the
Waukesha limestone.The same rock occurs near Racine,
and at other points on Root river; also at the Menomonee
falls and at the falls of the Milwaukee river in Washington
county.It may be considered as only the lower portion
of the next rock.
This description has proven to be inadequate in determining the exact
rock unit to which Lapham applied the name Waukesha Limestone,311
but the name has persisted in the geologic literature of the area.
From Lapham's description a number of points about the charac-
teristics of the Waukesha Dolomite, as he viewed it, can be made:
1.The only definite contact that was described between the
Waukesha and other units was that with the overlying beds.This
overlying unit was described by Lapham as a soft yellow limestone
which was later named the Racine Dolomite by Hall (1862).This
relationship has been the major determining factor in later identifica-
tion of the Waukesha.
2.Litho logically the Waukesha is a well bedded, hard, white or
bluish-white limestone in layers ranging from a few inches to a foot
in thickness.The rock is not very fossiliferous, but is characterized
by the presence of orthoconic cephalopods.
3.Lapham describes the Waukesha beds as being an excellent
building stone found throughout Waukesha County and along the
Menomonee River in Milwaukee County.
Hall (in Foster and Whitney, 1851, pp. 171-172) makes addi-
tional comments about the Waukesha Dolomite:
I am inclined to regard the Waukesha limestone, No. VI,
the soft yellow limestone, No. VII, and the geodiferous
limestone, No. VIII, as constituting the Niagara, and the
calcareous portion of the Clinton Group.
The Waukesha limestone, as I saw it near Milwaukee,
is a thin-bedded, argillaceous deposit containing few fossils;
I collected from it, however, Orthoceras undulatum, and
0. virgatum.I saw the same in Mr. Lapham's cabinet,
with another species from this member of the series; also,312
a species of Gomphoceras, like that occurring in the
Niagara shale at Rochester and in the limestoneat Niagara
falls (Pal. N. Y. II.,p. 290); also, Spiriier lineata, and a
flattened Trochus-like shell, similarto a species occurring
in a limestone of this ageon Lake Michigan; and a species of
Cyrtoceras, and Calymene Blumenbachii,var. niagarensis.
Whittlesey (1852, pp. 448-449, 455)mentions the Waukesha
Dolomite in southeastern Wisconsin,however, he presents no new
information.
Percival (1856, pp. 65-70) described theSilurian rocks in
eastern Wisconsin, including the buildingstone beds at Waukesha as
belonging to the Mound Limestone,a name derived from the Silurian
outliers in southwestern Wisconsin. He didnot make any mention
of Lapham's work.
James Hall (1862) presenteda more comprehensive study
of the Paleozoic rocks in easternWisconsin, including the Waukesha
Dolomite. He described the Waukeshaas follows (1862, p. 61):
In the vicinity of Milwaukee, atWaukesha and elsewhere,
some of the beds assume an argillaceous character,and are
thinbedded with glazed shaly partings,less crystalline than
the prevailing character of therock, and readily quarried,
and dressed for building stone.
These beds have been termed theWaukesha limestone,
by Mr. Lapham, to distinguish themfrom the Coralline
beds developed in the vicinity ofMilwaukee, which here-
gards as the representative of theGeodiferous limestone
of Eaton.
Near Waukesha, and in the sectionextending from
Waukesha to Pewaukie(sic),we have the beds, as shown
in the accompanying section, Fig.7 (p. 62).
While Hall does not givea detailed description of the rock units at313
Waukesha the figure by T. J. Hale (in Hall, 1862, p. 62, Figure 7)
does show the general stratigraphic relationships at Waukesha (see
Figure 35).Hall (1862, -p. 63) goes on to describe the "Waukesha"
beds at Wauwatosa and their relationship to the reef there; these
beds are now known to be part of the Racine Dolomite.In his descrip-
tion of the Racine Dolomite Hall (1862, p. 6-r makes some definite
statements concerning the stratigraphic relationships between the
Waukesha and Racine:
Lying above the limestone just described, we find a friable
yellow or ochreous limestone, readily decomposing on its
exposed surfaces, and marked by numerous small cavities.
This rock was recognized by Mr. I. A. Lapham, in his
original section of the formations of Wisconsin, as a soft
yellow limestone, lying above the Waukesha limestone; the
position recognized in the section at Waukesha.
It should be noted that unit b (on Hall's Figure 7) was meant to be in-
cluded in the Waukesha Dolomite but was not clearly indicated as such.
Hall (1862, p. 446-448) makes some final comments concerning the
Waukesha Dolomite. He mentions (p. 447):
From observations at this place and elsewhere, I am forced
to believe that the 'Geodiferous limestone' of this region
lies really below the thin-bedded Waukesha limestone, and
the section at Waukesha shows the Racine limestone resting
upon that rock.
He goes on to say (p. 448):
The Waukesha limestone, in its somewhat argillaceous
character, and in the presence of Orthoceras undulatus and
other Orthoceratites, might be regarded as representing the
shale of the Niagara group, while the Racine limestone may
represent the upper member of the group as developed in
Western: New York.4
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Figure 35. Section of thestrata from Pewaukee to Waukeshaby T. J. Hale.(a) thin-bedded Waukesha limestone; (b) heavy-beddedlimestone of same generalcharacter with that below, butless argillaceous; (c) a porouslimestone with small cavitiesand numerous crinoidalremains, recognized as the limestoneof Racine; (d) drift (c) isequivalent to the Romeo Beds ofthe Racine Dolomite (a) and (b)are equivalent to the Waukesha Dolomite.After Hall (in Hall and Whitney, 1862, Figure7).315
It should be pointed out that Hall emphasizes the fact that the Waukesha
beds are overlain by a soft, yellow limestone full of small cavities,
which he named the Racine limestone and makes references to the
section at Waukesha as exhibiting this relationship.As Hall and
Lapham knew each other well (as evidenced by Lapham's corres-
pondence in the Archives of the State Historical Society of Wisconsin)
it is likely that they were well acquainted with each other's ideas and
interpretations concerning he nature of the Waukesha Dolomite and
are probably referring to the same outcrops and rock units.
Rominger (1862) made a brief statement concerning the strati-
graphic relationships of the "Waukesha" (which is really Racine)
near Milwaukee, but contributes no additional information tounder-
standing the nature of the true Waukesha Dolomite.
Lapham (1865, unpublished field notes) described a more de-
tailed section (Figure 36) from the quarries at Waukesha similar to
Hall's (1862, Figure 7) more generalized section and consistent with
previous descriptions of the Waukesha. He found seven feet of yellow,
porous, fossiliferous limestone overlying two feet of white, more
compact limestone, both of which he assigned to the Racine.These
two units were underlain by four and one-half feet of cherty rock and
10 to 15 feet of regularly bedded, hard, whitish building stone.He
assigned both of these units to the Waukesha. Lapham comments
that the upper two units (Racine) make good lime while the lower two316
Z
04
1
2
4.5
10'--
15'
A I Al A AI (D in nin Ainininl 3 Ai Al AI AI Ain 1111 11111 111111 11111 1111111 11111 1111111
1-
I11 I
_i_111111 i
I I I I I Ili 1
I I I I I111 1
Figure 36.Lapham's (1865, unpublished field notes) section of the
exposures in the quarries at Carrol College (locality
26, Appendix II) at Waukesha, Waukesha County,
Wisconsin.See text for details.317
(Waukesha) do not.This is probably dueto the higher argillaceous
content of the Waukesha.His description is significantas it is the
only detailed description ofany Waukesha Dolomite locality givenby
Lapham and presents hisviews of the characteristicsand relation-
ships of this rock unit.
Hall and Lapham do notgive the exact location ofthe quarries
at Waukesha, but theywere probably the quarries locatedat Carroll
College (locality 26, AppendixII).since these were the onlyquarries
located in the village ofWaukesha. They shouldnot be confused with
the quarries (locality41, Appendix II) locatedalong the Fox River
north of town whichmay not have been operating at that time(see
Loerke, 1978, fora discussion of the history of quarriesin the area).
The Carroll Collegequarries were then the onlyones that exhibited
a section as described by Laphamand Hall.Lapham visited the
quarries along the Fox Riverin 1873 (unpublished fieldnotes), but
did not assignany of the rock units to either theWaukesha or the
Racine.This seems to indicatethat these particularquarries played
no part in the formation of his ideas.®n the Waukesha Dolomite.
T. C. Chamberlinwas the next individual to study theWaukesha
Dolomite as part of his workon the geology of eastern Wisconsin.
He (1877, p. 357) designatedthe Carroll Collegequarries as the type
section of the WaukeshaLimestone and presentsa fairly detailed
description of this locality,nearly identical to Lapham's(1865)318
description and interpretation,as follows:
The term Waukeshalimestone was selectedmany years since by Dr. Lapham,to designate the thin beddedstrata that occur at Waukesha,and their equivalentselsewhere. This term was also adoptedby Prof. Hall, in thereport of 1862.It seems thereforedesirable to retaina name that has already become fixedin the literature of thesubject, although we shall be compelledto restrict its application
and to entertain, tosome extent, different viewsas to its relation.
There are at Waukeshathree classes of limestone. In the quarrynear the college, theupper fourteen feet consist of a soft, yellowish,coarse-textured dolomite, that has been identifiedwith unquestionedcorrectness, as the equivalent of theRacine limestone.This reposesupon regular, even beds of hard,compact, fine-textured,crys- talline dolomite, ofgray color and conchoidal fracture.It is characterized by thepresence of much chert in the form of nodules, distributedchiefly in layers, coincidingwith the bedding joints.These strata abound inOrthoceratites, but contain few otherfossils.They constitute thetype of the Waukesha beds.The transition to theRacine beds is quite abrupt, but doesnot correspond toa bedding joint. From three to four inchesof the base ofa thick layer are of compact rock, likethat below, while theremainder has the open texture andfossils of the Racine beds.
Chamberlin was the firstto remove the buildingstone beds along the
Menomonee River in MilwaukeeCounty from the Waukesha,placing
them in the RacineDolomite as theyare not stratigraphically equiva-
lent to the Waukesha.His designation of thecollege quarriesas the
Waukesha type section hasbeen accepted by laterworkers (Shrock
and Raasch) and Isupport this view for thefollowing reasons:
1.The section exposedat the Carroll Collegequarries was well
known to Lapham, Halland Chamberlin, all ofwhom knew each
other, and at least Laphamand Chamberlin didsome field work319
together.
2.These were the only quarriesin Waukesha.
3.These were the only quarriesknown to show the contactof the
Waukesha and Racine bedsat that time. (Lapham brieflymentions
that this contact is presentalong the Menomonee Riverin Milwaukee
County; he was probably referringto the reef-nonreef contactin the
Racine beds at the SchoonmakerReef, locality 80, AppendixII).
4.Because the unit was namedWaukesha it wouldseem inappropri-
ate to continue using thisname in association with the stratigraphi-
cally higher beds in MilwaukeeCounty at the expense of theunits
around Waukesha.
5.Through core informationit has been determinedthat the build-
ing stone beds in MilwaukeeCounty are part of the Racineand lie
above the upper cherty bedsof the Waukesha Dolomite,therefore,
they have no part in definingthe Waukesha.
The college quarrieswere abandoned by 1891 (Loerke,1978,
p. 19).After abandonment, theexposures here readily disappeared,
as the quarries were usedas garbage dumps, andwere eventually
covered by expansion ofCarroll College. Aldenvisited the site in
1904 (unpublished fieldnotes) and found onlyan eight to ten foot
exposure.In 1905, Kindle (unpublishedfield notes) described this
locality as follows:320
An abandoned quarry in town just south of railroad,showing
7 feet of light creamy colored or nearly white Niagaran lime-
stone in strata 3 inches to 6 inches thick.Fossils scarce; a
few fragments of orthoceratites. Across the street from the
above mentioned quarry is another exposure of thesame
beds and also about 15 feet of strata above thoseseen in
quarry no.1.These upper beds contain a fair number of
fossils, but these are difficult to secure,
The last good description of theseexposures was made by R. R.
Shrock in 1930 (unpublished field notes).He described a section of
the cherty Waukesha and overlying Racine beds at the athletic field
east of the grandstand on the Carroll Collegecampus (see Figure 38).
This description closely matches that of Lapham (1851,unpublished
field notes) and Chamberlin (1877).By 1970 only a few feet of the
cherty beds were still exposed.
It should also be mentioned that the college quarrieswere the
source of a large number of fossils in the last half of the nineteenth
century; nearly every major museum in the eastern United States
has some of these specimens (usually labelled just "Waukesha")in
their collections.These specimens are not difficult to assign to
either the Racine or Waukesha Dolomite basedon lithology.
While the type section of the Waukesha Dolomite haslargely
disappeared, quarries along the Fox River, north of Waukesha,
currently have good exposures of some of thesame rock units.321
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Figure 37.Section in the quarries at Carrol College
(locality 26, Appendix II) at Waukesha,
Waukesha County, Wisconsin. After
Shrock (1930, unpublished field notes).322
Litho logic Description atWaukesha
The Waukesha Dolomite iscompletely exposed in bothquarries
of the Waukesha Lime andStone Company (see locality41, Appendix
II), and is rather uniform inits lithological characteristicsin both
of them.The total thickness of theWaukesha Dolomite isapproxi-
mately 33 feet.Lapham (1865, unpublishedfield notes) gavea thick-
ness of 20 feet at the College quarries,however, the lower contact
of this unit was not exposedthere at that time.This unit is overlain
by the lower beds of theRacine Dolomite (Romeobeds) and is under-
lain by the Brandon Bridgebeds.The upper contact issharp in
appearance, but might actually besomewhat gradational.The upper
beds of the Waukeshacontain abundant chert nodules,which abruptly
disappear, but the enclosingdolomite gradually becomesmore porous,
vuggy, light-colored, and massivein appearance goingup in the sec-
tion.The top of the WaukeshaDolomite is consideredto be marked
by the top of the chertbeds.The lower contact ismarked by a promi-
nent bedding plane overlyingthe last highly argillaceous,well-
laminated, dark gray,non-porous, thin-bedded dolomitelayer in the
Brandon Bridge beds.
The thickness of theupper cherty layers is about nineto ten
feet in the WaukeshaLime and Stone Companyquarries, and seven
feet at Carroll College(Shrock, 1930, unpublishedfield notes).323
Lapham (1865, unpublished field notes) gave a thickness of four and
one-half feet for the cherty beds at the Carroll College quarries.
These cherty beds are thin-bedded, light brown to gray, fine-grained
dolomite with little porosity and abundant chert.The chert is white
to gray and appears as rounded nodules and discontinuous layers.
The nodules commonly contain a well-preserved fauna.In the north-
w est corner of the west Waukesha Lime and Stone Company quarry
J. Emielity (1965, personal communication) found well-preserved
trilobites in the chert nodules in 1940.The chert is most abundant
in the upper four feet of this unit although fifteen more widely spaced
layers of chert occur in decreasing abundance downward.
Beneath the cherty beds are approximately 23 feet of non-cherty,
gray, well-bedded, granular dolomite. From four to six feet below
the bottom of the chert beds a zone of scattered orthoconic cephalo-
pods occurs.In general, the rock is gray, thick-bedded, finely por-
ous, mottled dolomite with scattered fine pelmatozoan debris. Ap-
proximately 16 feet from the bottom of the chert beds is an additional
one foot eight inch thick layer of chert, with a prominent bedding
plane running through its center.This chert is comprised of small,
soft nodules, in contrast to the well-formed, hard nodules above.
This layer is underlain by six feet of fine-grained, thick-bedded,
stylolitic gray dolomite containing scattered orthocones, including
Dawsonoceras. As mentioned previously, the base of the Waukesha324
Dolomite is marked by a prominent bedding plane overlying Brandon
Bridge beds.
Description of Other Exposures
Several other complete sections through the Waukesha Dolomite
are present in southeastern Wisconsin. At the Vulcan Materials
quarry at Ives in Racine County (see locality 9, Appendix II) the
Waukesha is 66 feet thick and is a thin- to medium-bedded, argillace-
ous, highly cherty, gray dolomite.The contact with the overlying
Racine Dolomite may be gradational.The upper 16 feet of the
Waukesha here is characterized by abundant chert, giving the rock
a crumbly appearance throughout the quarry.The rock is poorly
fossiliferous, but does contain a few specimens of the trilobite
Stenopareia and orthocones in the lower beds.
At the Vulcan Materials quarry in Franklin (see locality 70,
Appendix II) a similar section of the Waukesha is exposed, but there
is no concentration of chert in the upper layers as at Racine and
Waukesha.The unit is more fossiliferous in Franklin with small
pelmatozoan fragments being common on some bedding planes; the
trilobite Stenopareia is not rare in the lower layers.
In southeastern Wisconsin water-well logs the approximate
position of the Waukesha Dolomite can be determined, if the underly-
ing Brandon Bridge beds are recognized, but the presence of locally325
abundant chert beneath the Brandon Bridge and some limited chert
beds in the upper Brandon Bridge and in the Racine makes correla-
tion based on chert beds alone difficult.Cores and water-well logs
indicate that near Lake Michigan most of the chert in the Silurian,
including that in the Waukesha, disappears over a short distance
towards the east.For example, a core (Mi-7) near the mouth of
the Kinnikinic River in Milwaukee shows a typical sequence of cherty
Silurian rock, while in another core (Mi-7A), located about 1 000 feet
northeast of Mi- 7, all but five feet of the chert beds disappears.This
same relationship can be seen in the cores in the southeastern part
of Sheboygan County.It should be noted, however, that a number of
the pre-196 O's water-well logs are very inconsistent in showing chert
beds; some show no chert or significantly less than is known to exist
at certain localities.
Lateral Extent
On a lithologic basis the true Waukesha Dolomite correlates
with the Markgraf Member of the Joliet Formation in northeastern
Illinois (Raasch, 1955, unpublished manuscript). A short distance
north of the Waukesha Lime and Stone Company quarries, the
Waukesha cannot be identified with any certainty, but may be equiva-
lent to wither Unit C or D under the cephalopod layer.If Unit D is
the Waukesha then this would represent the first occurrence of reefs326
in the Waukesha Dolomite.
Age
The age of the WaukeshaDolomite has not been accurately
determined based on biostratigraphicevidence.Boucot and Berry
(1970) assigned the WaukeshaDolomite a Wenlockianage based on
its position between better-datedunits.Liebe and Rexroad (1977)
assigned the lower Markgraf innortheastern Illinoisa probable
Wenlockian age basedon conodont evidence.The occurrence of the
crinoid Petalocrinus and thetrilobite Stenopareia indicatesa possible
Llandoverian to Early Wenlockianage in the Franklin quarries, which
agrees with graptolite data from thesesame beds.
Usage Outside of Study Area
The name Waukesha hasbeen used for variousstratigraphic
units, other than the Markgrafbeds, in northeastern Illinois,which
has resulted in a great dealof confusion.The problem arose when
Savage (1926) applied thename Waukesha to well-bedded buildingstone
beds overlying his JolietFormation. He thought these bedsunderlaid
the Racine, but, in reality,they were inter-reef bedsof the Racine
Dolomite. Willman (1943)restricted the name Waukeshato the lower
portion of Savage's Waukesha,recognizing that most of theoverlying
beds were really Racineinter-reef beds. Willman(1973) laterabandoned the name Waukesha after determining that the Waukesha
was equivalent to part of the Joliet Dolomite.
Racine Dolomite
Introduction
327
The Racine Dolomite is the most complex Silurian rock unit in
southeastern Wisconsin and the surrounding area due to the presence
of a large number of reefs and their relationship to the Michigan
Basin.The reefs have influenced the characteristics of the Racine
on both a local and regional scale.Locally, reefs and the surround-
ing reef-controlled beds interrupt normal depositional characteristics
of the inter-reef beds, making correlation of the subdivisions of the
Racine difficult over large areas.The reefs, because of their resis-
tant nature, are the most common exposures of this unit.On a
regional scale, reef disturbance is variable although it generally
increases towards the east where the thick carbonate bank deposits
of the western edge of the Michigan Basin are located.In this area,
reefs are common and completely control the characteristics of the
inter-reef beds.This can be seen by comparing the Racine beds at
Ives (locality 9, Appendix II) with those at Franklin (locality 70,
Appendix II) and Waukesha (locality 41, Appendix II).
The Racine is well known for its highly diverse and abundant
fauna, which is primarily found in the reef beds.No other Silurian328
rock unit in the Central United States has as high a faunal diversity
as the Racine Dolomite and its equivalents, and someof the first
Silurian fossils described in this region were described from the
Racine (Hall, 1861a).
It is also interesting to note that the first Paleozoic carbonate
buildup in North America to be described as a reef (Hall, 1862) is
located in the Racine Dolomite (Schoonmaker reef, locality 80,
Appendix II) of this area, and for 80 years the Wisconsin Racine
reefs were the classic examples of Silurian reefs throughout the
world, a place of importance shared only with those on the island
of Gotland in the Baltic Sea.
History of Study
Lapham (1851, in Foster and Whitney) recognized several rock
units in southeastern Wisconsin lying above the Ordovician rocks
and below his Unit IX ("shaly limestone") (see Table 43),The lowest
unit (VI "Waukesha Limestone") has been previously discussed;
Lapham considered the building stone beds along the Menomonee
River in Milwaukee County to be part of this unit based on lithologic
similarities.Overlying the Waukesha was Lapham's Unit VII, "a
soft yellow limestone" which could be seen in contact with the underly-
ing Waukesha in several places.Overlying this was Unit VIII "the
geodiferous limestone of Eaton, or Niagaran Limestone of the329
New York reports." Lapham suggested that Unit VII might be consid-
ered to be the lower portion of Unit VIII.Units VII and VIII encompass
beds now considered to belong to the Racine Dolomite, but therela-
tionships between these two units were not well understood at that
time because of the presence of reefs.Lapham's geodiferous beds
are based on the reefs, which rise above the building stone beds in
Milwaukee County.Lapham did not understand the nature of these
buildups and assumed that they represented ayounger stratigraphic
unit than the building stone beds.
T. J. Hale (1860, unpublished field notes), whowas working for
Hall at the time, used the name "Racine Limestone" in his field book,
but the name was first published by Hall in 1861 (p.5).He stated:
The investigations upon the rocks of the Niagaragroup
and associated strata, have likewise been continued, and I
have arrived at certain results fortified by theoccurrence
of numerous fossils which lead me to conclude that the Racine
limestone, mentioned in a former report, is the uppermem-
ber of the Niagara group, while the heavy beddedmass be-
low is but the expansion of the limestones of the Clinton
group.This opinion in regard to the last named rock I
advanced some years since, but having until this timeno
satisfactory evidence of the occurrence of the highermem-
ber of the Niagara group, I have been forced to admit that
the whole had merged in one great calcareousmass.
The earlier report in which Hall makes mention of the Racine andto
which he refers could not be found.
Hall (1862, p. 6 7-6 9) formerly designated the Racine Dolomite
as a lithostratigraphic unit, describing it as follows:330
Lying above the limestone just described, we find a
friable yellow or ochreous limestone, readily decomposing
on its exposed surfaces, and marked by numerous small
cavities.This rock was recognized by Mr. I. A. Lapham,
in his original section of the formations of Wisconsin, as
a soft yellow limestone, lying above the Waukesha limestone;
the position recognized in the section at Waukesha...
This limestone may be regarded as the upper member of
the Niagara group; but owing to denudation, or other causes,
it is not everywhere present.It is a gray (rarely bluish gray)
or buff-colored magnesian limestone, crystalline in texture,
very tough and compact in some portions, but extremely por-
ous or carious, either from the removal of fossils or other
substances, leaving the cavities lined with an ochreous deposit,
which is sometimes granular or pulverulent, and elsewhere
has a minute stalagmitic character.The great number of
fossils render its texture and fracture extremely uneven.
The rock is known at Racine as its best development;
it is seen in the section at Waukesha, and again at Grafton,
and can be traced northward along the lake shore.
Examinations have shown this rock to extend from
Kewaunee, on the shore of Lake Michigan, southward, with a
constantly increasing width, at least as far as Waukesha, and
continuing thence to the south line of the State.It may be
considered identical with the Leclaire limestone of Iowa,
holding precisely the same geological position, and contain-
ing some similar if not identical fossils; and both limestones
must be regarded as a part of the Niagara group.
This member of the group has not been recognized in
the Lead region of Wisconsin.
The investigations regarding this rock, and the sub-
divisions which may be founded upon both physical and paleon-
tological characters, are still in progress, and the results
will be given in a future Report.
The entire thickness of this limestone group is between
three hundred and fifty and five hundred feet, in the eastern
part of the State; the lower, more compact and less fossilifer-
ous portion, is from two hundred to two hundred fifty feet
thick.
He also described the building stone beds in Milwaukee County (1861,
p. 61-64).In particular, he mentioned the presence of a reef at
Wauwatosa which is surrounded by Waukesha beds.He referred the331
reef to the coralline or geodiferous limestone as had Lapham in
previous years. Rominger (1862, p. 136) described the same locality
and found:
the Waukesha limestone is in reality the superincumbent
rock, and that the Niagara limestone only in disseminated
spots protrudes by volcanic action in dome-like knobs
through the otherwise nearly horizontal or merely undulat-
ing strata of the Waukesha limestone.
At Racine, Lapham (1865, unpublished field notes) described
a mound of geodiferous rock being overlain by Racine limestone
(see Figure 58).His diagram and notes clearly indicate a reefcore
and flank bed exposure as was later described by Chamberlin (1877).
At the same time Lapham made a revised section of the Silurian
rocks in southeastern Wisconsin. He now placed the geodiferous
beds under the Waukesha doming up to the level of the Racine (his
earlier mentioned soft yellow limestone), again this was due to his
miscorrelation of the building stone beds in thearea and his failure
to recognize reefs.
Chamberlin (1877, p. 36 0-3 77) gave the first and only detailed
description of the "Racine Beds" of the "Niagara Limestone" through-
out the state.As previously mentioned, he redefined the underlying
Waukesha beds and their relation to the Racine beds (1877,p. 357-
36 0).He also divided the Racine into two parts basedon faunal
differences and termed the upper part the Guelph Beds (p. 377-3 80):332
The Guelph limestone constitutesthe uppermost subdivision
of the Niagara Group in Wisconsin.In its litho.logical charac-
ter, it does not differ essentially fromthe Racine limestone,
being in general, a rough, thickbedded, irregular dolomite,
usually quite free from impurities,and of buff, gray, or blue
color.The distinction between thetwo subdivisions is a
paleontological rather thana physical one.In the latter re-
spect there is less difference betweenthese than either of
theother members of thegroup.There was evidentlyno
marked change in the physical historyof the region, but the
same conditions continued from the beginningof the deposit
of the Racine limestone to the closeof the formation of the
Geulph beds.In the interval, however, the lifeunderwent
a change by the introduction of the speciesthat characterize
the Guelph horizon.This introduction was gradual,so that
many localities show a mingling of thetwo faunas.
Chamberlin (1877,p. 360) described the characteristics and distribu-
tion of the Racine as follows:
Overlying the Waukesha beds at thesouth, and the Upper
Coral beds at the north, isa magnesian limestone to which
the term Racine has been applied,from its important de-
velopment at that point.It has an extent of about 200miles,
reaching from Illinois tonear the extremity of the Green
Bay peninsula, and attainsa surface width of thirty miles.
In its southern portion, where itrests upon the Waukesha
limestone, it consists of reef-likemasses of conglomeratic
rock, which, on the denuded surface,appear as mounds
or ridges, and which graduate into variouskinds of porous,
granular, irregularly bedded rock,or into fine grained,
compact, even-bedded strata, the wholeconstituting a for-
mation of exceedingly irregularstructure.
Chamberlin's greatest contributionto the understanding of theRacine
and other rock units in southeasternWisconsin is that he recognized
the presence of significantlateral variation within the Racineand,
therefore, groupeda number of beds that had been previously
separated:333
It appears, then, that inthe southern countiesthere are three well marked classesof limestones, withintermedi- ate gradations, one class,consisting of very irregular,
often brecciatedor conglomeratic dolomite, forming
masses that usually appearas mounds, or ridges of rock,
of obscure stratification,a second class, formed ofpure, soft, granular dolomites,a part of them calcareous sand-
rock, and a third class,consisting of compact, finegrained, regular, even beds. We havedemonstrated that the three
forms change into eachother when traced laterallyhorizon- tally.They were therefore formedsimultaneously.
In this classificationChamberlin included the buildingstone beds
around Milwaukee in theRacine Dolomite, whichhad previously been
considered part of the Waukeshaby Lapham, Hall, andRominger.
He also included thereefs along the MenomoneeRiver in the Racine
which Lapham and Hall hadconsidered to beexposures of the geo-
diferous limestone (eventhough Hall recognizedtheir reefal nature).
Alden (1906) followedChamberlin's designation ofthe Racine
beds and stated that thisunit underlies the driftthroughout most
of Milwaukee County.He identified all of theSilurian rocks in his
chart on artesian wells (p.12) as Racine, but thisappears to have
been an oversight.
Alden (1918)gave a similar description of theRacine beds.
Shrock (1938, unpublishedmanuscript; 1939) followedChamber-
lin's earlier definitionof the Racine, but didnot separate the overlying
Guelph beds.
Raasch (1955, unpublishedmanuscript) recognized thatthe
Romeo beds of the JolietFormation were thesame as the Racine334
beds overlying the Waukesha Dolomite at Waukesha.
It should be pointed out that the name "Racine Dolomite" was
not originally applied to just reefal beds as were a number of equiva-
lent or near-equivalent units in the Midwestern United States.Pri-
mary examples are the Leclaire Limestone of eastern Iowa (Hall,
1858) and the Huntington Limestone of northern Indiana (Kindle, 1903).
Both of these names were later found to be applicable only to reefal
beds, and are no longer used (Pinsak and Shaver, 1964; Hinman,
1968).
Thickness and Upper and Lower Contacts
The upper surface of the Racine is an erosional unconformity.
The relationship with the overlying Givetian, Middle Devonian rocks
indicates that the Racine was subjected to a major period of erosion
before Middle Devonian deposition; the Devoniancovers this unit in
only a small area along the eastern edge of the studyarea.The
Racine has been further eroded by post-Devonian erosion, including
recent Quaternary glacial activity.
The original thickness of the Racine Dolomite is thereforeun-
known. The Racine, and the Silurian rocks in general, displaya
thickening towards the northeast which can be demonstrated by
comparing the section at Ives (locality 9, Appendix II) in Racine
where the Silurian is about 300 feet thick and is overlain by335
Quaternary sediments to Milwaukee atcore Mi-5 where the Silurian
is about 470 feet thick and unconformablyoverlain by the Middle
Devonian and Quaternary sediments.Just north of the studyarea
at Oostburg, Sheboygan County, the Silurianis 610 feet thick and
is again overlain by Quaternary sediments.This thickening trend
is primarily a result of the increase in thicknessof the Racine in
relationship to the carbonate bankon the western edge of the Michigan
Basin.
The lower contact of the Racine Dolomite hasbeen placed at
the highest level of a thicksequence of cherty dolomite, representing
the Waukesha Dolomite, in water-welllogs.There are some thin
chert beds within the Racine, but theyare not widespread in the
study area.The exposed contact is variable.In areas where
reefs are developed the contact is sharp withthe underlying cherty
and argillaceous Waukesha.In areas where no reefs are present
the contact may be slightly gradational,or occur as interbedded
Racine and Waukesha lithologies, suchas indicated in the Milwaukee
cores.Other areas, such as at Franklin (locality70, Appendix II)
and Waukesha (locality 41, Appendix II) thecontact is sharpThe
elevation of the lower contact is locally quitevariable due to com-
pression of the underlying beds by reefsin the Racine.336
Inter-reef Beds
The lowest subdivision of the inter-reef beds of the Racine
Dolomite are the Romeo Beds.This unit appears to have a grada-
tional contact with the underlying Waukesha in some areas, but it is
very sharp in others.The Romeo is a massive, coarse-grained,
porous, vuggy, fossiliferous gray dolomite.The unit appears
throughout southeastern Wisconsin but is most conspicuous in areas
where the overlying Lannon Beds are more argillaceous.
The Romeo is succeeded by the Lannon Beds which are well-
bedded, argillaceous, non-porous, fine-grained, poorly fossiliferous
dolomite.These beds appear to restrict reef development in some
areas, however, in the northern half of Milwaukee County reefs are
well developed in this unit.In the Racine area, the Lannon Beds con-
strict some of the reefs and at Franklin small isolated reefs are
terminated by Lannon deposition.At Waukesha no reefs are found in
the well developed Lannon Beds.This trend continues north to the
Lannon area where over fifty feet of Lannon Beds overlie reefs in
the Romeo Beds. To the east of Waukesha and Lannon, Lannon Beds
lithology characterizes nearly lall of the Racine inter- reef beds which
reach a thickness of at least 150 feet.These are the building stone
beds which Lapham and Hall considered to be part of the Waukesha
Dolomite.The true cherty Waukesha is present beneath these beds.337
The reefs in this area (northern halfof Milwaukee County) began
their development high in the LannonBeds and not in the Romeoas
elsewhere.
North of Milwaukee and Waukesha Counties,the Racine inter-
reef beds are not as well exposed.In the area around Germantown
the inter-reef bedsare more coarse-grained than typical of the
Lannon area, but are more distinctly beddedthan the inter-reef
beds around Racine and Franklin,however, these beds are strati-
graphically higher than those to thesouth so a direct comparison
is not possible. No subsurface informationis available for this
area.
In the Cedarburg-Graftonarea the inter-reef beds are thick-
bedded, coarsely crystalline to granular,locally fossiliferous
dolomite. Some of these beds containthe "Guelph" fauna first de-
scribed by Chamberlin (1877).
Farther north the Racine inter-reefis poorly fossiliferous.
Racine Dolomite Reefs
Figure 38 shows the distribution ofRacine reefs in the study
area.The earliest reefs in the RacineDolomite appear at the base
of the Romeo Beds asseen at Racine, Franklin, and Waukesha. As
mentioned before, the Romeo Bedsare locally lithologically and
paleontologically similar to these early buildups.The distribution338
Figure 38. Distribution of Racine Dolomite (Silurian) reefs in the
study area.Questionable reefs are not indicated.
Closed circles are pelmatozoan-rich reefs, suchas
those found at Racine (locality 11, Appendix II) and
Franklin (locality 70, Appendix II).The pelmatozoan-
poor reefs in the northern half of Milwaukee County,
such as Schoonmaker reef, are indicated by X.T.12N.
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of the Romeo reefs is variable.In the quarry at Ives the reefs are
common and continue their development through the Lannon Beds.
At Franklin to the northwest most of the Racine reefsare localized
in the center of the quarry area and continued to develop through
Lannon deposition, but a few isolated reefs were terminated by the
Lannon beds. At Waukesha, farther to the northwest, onlyone small
buildup has been found in the extensive exposure of the Romeo Beds
and it is terminated by Lannon deposition. At this locality, however,
the Romeo Beds are nearly identical lithologically tomany of the
Racine reefs.To the northeast, at Sussex and Lannon, the doming
of the Lannon Beds suggests that numerous Romeo reefs underlie
these beds and were terminated by Lannon deposition, but had been
topographic high areas over which the Lannon beds were draped.In
the area around Menomonee Falls and Germantowna number of reefs
are exposed at higher levels than those in the Romeo at Lannon; they
are similar to the reefs at Ives and Franklin and are surrounded by
Lannon Beds, suggesting that they were able to continue their develop-
ment through the Lannon.
The reefs developing in the Romeo Beds are all characterized
by having small structureless cores with well developed pelamtozoan-
rich flank beds constituting a major portion of the reef.The rock is
vuggy, porous, massive, crystalline dolomite.
At the close of Lannon deposition the reefs at Racine and341
Franklin continued to develop, expanding into large structures.The
inter-reef beds surrounding these reefs are coarsely crystalline,
thick-bedded, and vuggy, but are seldom fossiliferous.In Ozaukee
County a number of reefs are found in the upper beds of the Racine
Dolomite; these are not appreciably larger than those at Franklin and
Racine and may have started development at a higher level.They
differ from the reefs at Racine by the greater abundance of tabulate
corals, the limited distribution of pelmatozoans, and the coarse-
grained, almost sandy appearance of some of the flank and inter-reef
beds.These reefs occupy a position almost 200 feet above the top
of the truncated reefs at Racine and are therefore somewhat younger.
Another type of reef is present in a limited area of southeastern
Wisconsin.In the center of Milwaukee County the Lannon Beds
thicken to over 150 feet and reefs appear with a noticeably different
biota and lithologic character.These reefs include the Schoonmaker
reef in Wauwatosa and the Moody reef in Milwaukee.These reefs
have developed at a horizon up to 100 feet above the base of the
Racine as indicated by Shrock (1939).They have a dense, fine-
grained texture, being less porous than the reefs around Racine.
The core areas of these reefs are larger than the cores of the reefs
at Racine and the flank beds are volumetrically not as important.
The most notable differences between these two reef types is the
biotic composition.The Wauwatosa reefs are conspicuous in the342
near absence of pelmatozoans while the same nonpelmatozoan genera
are found in both reef types although the species of these genera are
commonly different.Day (1877) and Chamberlin (1877) both noticed
the difference in the biotas of the reefs in this area.The reason
for the difference between these two types of reefs is unknown.
The pinnacle reefs of the Michigan Basin show two major
stages of development related to their proximity to wavebase (see
Figure 39).Gill (1977) defined a lower, crinoid-bryozoan biohermal
stage which developed in a low-energy, below-wavebase position.As
this bioherm reached wavebase level a gradual change to a higher-
energy, above-wavebase coral-algal organic reef stage developed.
The Wisconsin reefs appear to represent a below-wavebase stage of
development with the possible exception of those reefs in the northern
half of Milwaukee County (for example, Schoonmaker reef).
The Silurian reefs formed topographic high areas during their
development and after their termination may have remained as
high areas which may have been enhanced by erosion of less resis-
tant materials; the reefs because of their dense, massive nature are
more resistant to erosion than the surrounding inter-reef beds.The
irregular topography of the reefs resulted in doming of the overlying
Middle Devonian beds as seen in the Lannon Beds in Waukesha
County. Evidence for this is seen in Milwaukee County where the
top of the Moody reef is 30 feet higher than the base of the Devonian343
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Figure 39. Diagram showing the two major stages of pinnacle reef
development in the Michigan Basin Silurian and their
relationships to wavebase and sea-level.(After Gill,
1977, Figure 6-1).
(A)shows the development stage of low-energy, below-
wavebase bioherm.
(B) shows the above-wavebase, high-energy organic
reef stage.344
in the vicinity. An examination of the Middle Devonian Milwaukee
Formation in Estabrook Park, Milwaukee County (see Figure 40)
shows a number of domes similar to those seen at Lannon, which
appear to be controlled by underlying Racine reefs. A similar dome
is present in the Devonian Lake Church Formation at the Lake Shore
Stone Company quarry at Lake Church, Ozaukee County (locality 125,
Appendix II) (Mikulic, 1977).
Equivalent Units Outside Wisconsin
The Racine Dolomite has been identified in the Chicagoarea,
where it is lithologically almost identical toexposures in Wisconsin.
The Romeo and Lannon beds have been separated from the Racine in
this area; the Romeo is considered to be a member of the Joliet
Formation (Willman, 1973).Lannon-like beds overlie the Romeo in
northeastern Illinois where they are termed the Sugar Run Formation,
which is overlain by the Racine (Willman, 1973).The Sugar Run beds
are difficult to recognize in the Chicago area subsurface and appear
to be absent in many areas (Hartz Engineering, 1975).The rest of
the Racine in the Chicago area is very similar to the Racine in
Wisconsin.The upper Racine becomes much more argillaceous
in this area and cherty units also increase.The largest reefs are
also present in this area.To the east, the Racine is equivalent to
most of the Wabash Formation and possibly to the Louisville345
Figure 40. East wall of old Milwaukee Cement Company quarry
at Mill No. 1 along the Milwaukee River, just south
of railroad bridge, in Estabrook Park, Milwaukee
County, showing doming in the Middle Devonian
Milwaukee Formation probably caused by underlying
Racine reefs.(B) is just north of (A).Photographs
courtesy of the Wilsconsin Geological Survey (A = No.
490; B = No. 491) and were taken probably in the
1920' s.346
Figure 40 A347
Figure 40 B348
Limestone (Willman, 1973).
Age
The age of the Racine Dolomite ranges from LateWenlockian
through Ludlovian (Berry and Boucot, 1970,p. 200).It has been
suggested by Shaver (1976, personal communication) thatsome of
the reefs (such as Thornton in Cook County,Illinois) may have
existed into the Pridolian.There is no new evidence in Wisconsin
on the age of the Racine is post-Early Wenlockian.
Fauna
The Racine Dolomite has avery diverse fauna primarily because
of the presence of numerous highly fossiliferous reefs,G. Raasch
(1966, personal communication) reported findingover 200 different
taxa (not including stromatoporoids, bryozoans,sponges, and micro-
fossils) from the Horlick reef at Racine, Racine County,alone.The
Racine Dolomite contains one of the largest pelmatozoanfaunas found
in-any single Silurian stratigraphic unit in theworld.Most Silurian
invertebrate groups are well represented in thisunit, however, many
of the Racine fossil groups are in need of revisionsince they have
received little attention since the early part of thiscentury.The
trilobites are currently being revised.349
Waubakee Dolomite
Name and Previous Usage
The Waubakee Dolomitehas long been knownto geologists work-
ing in southeastern Wisconsinwho placed itstratigraphically between
the "Niagaran" rocksand the Devonian basedon its outcrop pattern
in Milwaukee County.The earliest mentionof the rocks now termed
the Waubakee Dolomitewas made by Lapham (1851,in Foster and
Whitney, p. 170).Lapham described thisunit (His Unit IX)as "a
shaly limestone...found at one locality,representing some of the
formations that, in NewYork, are interposedbetween the geodiferous
and the corniferouslimestones." Hall (1851,in Foster and Whitney,
p. 173) commented on Lapham'sUnit IX as follows:
.the shaly limestoneof Mr. Lapham'ssection represents the Onondaga saltgroup, which, however, hasso far thinned out as to be oflittle importance.I had no oppor- tunity of seeing the twolast members in place;but the specimens of the shalylimestone arevery similar to the thin layers of hydrauliclimestone in theupper part of the Onondaga saltgroup of western New York.
In 1862, Hall furtherdescribed these bedsas being equivalent to the
Onondaga Salt Group andmade the followingobservations:
The formation originallyrepresented in the section of the rocks of EasternWisconsin, by Mr. I. A.Lapham, as a "shaly limestone, "proves, on farther investigation,
to be the limestone ofthe Onondaga-saltgroup. An ex- amination of the locality hasshown that this peculiar
granular gray limestone,separated in their laminaeby seams of shaly matter, isprecisely identical incharacter350
with some of the middle and higher beds of the Onondaga-
salt group in western New-York.It likewise holds the
same geological position, being above the limestone of
the Niagara group and below a limestone which contains
fossils similar to those of the Upper Helderberg group of
New-York, Ohio and Michigan.
The outcrop of the Onondaga-salt group is in low or
level ground, a few miles to the northwest of Milwaukee.
In this level country, with accumulations of drift at inter-
vals, it is difficult to trace the line of outcrop for any long
distance; but from the known exposures of the rock below
and that above, we learn approximately that this formation
extends in an irregular curving line from the lake shore at
the northern part of Milwaukee northwesterly to the western
limits of the township of Granville, and thence bends more
abruptly eastward through the township of Mequon to the lake
shore below Pierceville.
The rock is a thinbedded and often thinly laminated
gray or ash-colored magnesian limestone, the laminae
separated by thin seams of tar or black glazed shaly
matter. On freshly fractured faces across the lines of
bedding, the narrow black lines indicating the shaly part-
ings are clearly visible, and give the rock a peculiar
character which I have not observed in any other lime-
stone.
This group has been traced from New-York through
Canada West, and, as I have elsewhere shown, the line of
its trend extends into Lake Huron to the south of the
Manitoulin islands, and it appears in the small islands
approaching Mackinac.It forms the base of Mackinac
island, and indeed the principal part of the island, except
the elevated portions; and it also forms some of the small
islands on the north of Mackinac, where gypsum was formerly
found; and it continues to Point St. Ignace.
From hence westward, the Onondaga-salt group has
been entirely denuded and excavated to form the northern
portion of Lake Michigan, while the northern boundary of that
lake is in the Niagara group.The line of outcrop, following
the course of the Niagara group, shows that the place of this
rock would lie along the western shore of Lake Michigan;
but it only on approaching the mouth of the Milwaukee river
that there appears to be a slight depression of the strata,
which allows the outcrop to extend a little to the westward;
and by this means has been preserved.351
Chamberlin (1877, p. 390-394) identified these beds as belonging to
the lower Helderberg Limestone. He gave the first detailed descrip-
tion of the exposures along Mud Creek (locality 87, Appendix II) in
Milwaukee County, which was most likely the locality referred to by
Lapham and Hall.Chamberlin correlated these beds with previously
mentioned exposures just west of Waubeka (localities 122 and 123,
Appendix II), Ozaukee County. He also believed that the same rock
unit was exposed under the Devonian cement rock in the cement
quarries about one mile from the Mud Creek exposures.He also
noted that this unit had a patchy distribution and apparently did not
form acontinuous belt around the Devonian outcrop area.
Alden (1906, p. 2) described the exposures along Mud Creek
and named them Waubakee for the expdsures near Waubeka in
Ozaukee County. He stated that these beds were equivalent to a
"portion of the Cayuga Group of New York."
Cleland (1911, p.7) followed Chamberlin's example and as-
signed the beds under the cement rock (Milwaukee Formation) to
the Waubakee. He further (p. 8-11) described Waubakee exposures
between the Milwaukee Formation and the underlying Silurian in the
Lake Shore Stone Company quarry (locality 125, Appendix II) near
Lake Church and in the Druecker's quarry (locality 120, Appendix II)
near Port Washington, both in the northern part of Ozaukee County.
At Lake Church he indicated (his Figure 7) that the "Waubakee" beds352
are separated from the Silurian by an angular unconformity.
Alden (1918, p. 95-99) gave a more detailed description of the
"Waubakee" in Milwaukee and Ozaukee Counties and considered the
remaining outcrops were "probably only a very small erosional rem-
nant" of its former distribution.
Raasch (1928, 1929, unpublished field notes; 1935) assigned
the "Waubakee" beds at Lake Church, Druecker's, and the cement
quarries to the Devonian, stating that "all exposed sub-Devonian con-
tacts are with the Racine beds." Litho logically, he found that none of
these former "Waubakee" localities were very similar to the Mud
Creek and Waubeka exposures. Raasch identified the rocks immedi-
ately underlying the Milwaukee Formation at the old cement quarries
as being equivalent to those at Druecker's and Lake Church which
belong to the Devonian Lake Church Formation.
Berry and Boucot (1970) suggested that the Waubakee is a local
Lepreditia-rich facies of the Racine Dolomite.
Klug (1977) summarized past work on the Waubakee and re-
ported that sample he processed from the Mud Creek exposures
were barren of conodonts.
Stratigraphic Position and Depositional Environment
Very little is really known about the Waubakee Dolomite.The
two outcrop areas are lithologically very similar, but are widely353
separated, and as such, may represent similar depositional environ-
ments that may not be lateral equivalents.The age of outcrops of
this unit has not been established because of the total lack of bio-
stratigraphically useful fossils.This is also true for the Thiensville
beds in Milwaukee County, which have been identified as with the
Waubakee in the past.The Thiensville at the type locality in Ozaukee
County does contain Middle Devonian fossils and unconformably over-
lies the Silurian, however, the assignment of the Thiensville beds in
Milwaukee County to the Devonian is based on the assumption that
these beds occupy the same stratigraphic position.Evidence for this
relationship has recently been discovered in core Mi-5 (Riverside
Park, Milwaukee) where a major unconformity separates the Thiens-
ville from the Silurian.
The Waubakee beds are also difficult to interpret since they
are not seen in contact with any Silurian or Devonian rocks. As
mentioned earlier, Raasch (1935) assigned all the beds formerly
termed Waubakee in contact with Silurian and Devonian rocks to
different Devonian stratigraphic units.It is possible that some, or
all, of the Waubakee beds might be Devonian in age as suggested by
Chamberlin (1877), but none of the Devonian units in the area are
lithologically similar to the Waubakee, making this interpretation
unlikely.It appears that the Waubakee occurs at a horizon below
the lowest Devonian rocks.354
It is not known if the Waubakee is laterallyequivalent to any
Racine beds and nothing is known about the nature of thecontact if
it overlies the Racine.In both areas of its occurrence, the Waubakee
is found at lower elevations than nearbyor eastward exposures of the
Racine Dolomite.This might indicate that the Waubakee is either
laterally equivalent to the Racine or that itwas deposited in depres-
sions of channels in the surface of the Racine. About 1.5miles to
the southeast of the type section, in the vicinity ofWaubeka, Racine
Dolomite outcrops about 12 feet lower than the highestWaubakee
exposures.Considering the eastward or northeastward dip of the
bedrock in this area and the fact that the nearestDevonian is seven
miles away, this relation presents difficultiesin assigning the
Waubakee at the type section toa position overlying the Racine
Dolomite.In Milwaukee, Waubakee beds at the West VillardAvenue
and North 51st Street sewer tunnelare found approximately 50 feet
lower than the outcrops of reefal Racine Dolomite six milesto the
northeast.It has been pointed out, however, that thereare large-
scale, reef-controlled irregularities in theupper surface of the
Racine in northeastern Milwaukee County, and that theMiddle
Devonian beds appear to drape over this surface.It is not unreason-
able to assume that the Waubakee beds in thisarea could be a post-
Racine deposit, filling in low areas (see Figure 41).This is not as
likely at Waubeka where the nearest Devonian rocksare locatedFigure 41. Diagram showing possible relationships of the"Waubakee" beds in Milwaukee County
to underlying Racine Dolomite and overlying Devonian rocks.The "Waubakee" may
have partially filled low areas in the surface of theRacine; the low areas may have
resulted from differential deposition caused by reefgrowth.The Devonian beds
drape over both the "Waubakee" and the Racine.3 56
seven miles to the southeast and presumablySilurian rocks underlie
the area in between, and whenthe dip of the bedrock isconsidered,
it appears that the highestRacine beds would be substantiallyhigher
than the horizon of the Waubakee.Berry and Boucot (1970,p. 250)
suggested that these bedsare too low stratigraphically to bepost-
Racine unless they have beendownfaulted, a condition for whichthere
is no evidence.
Based on the lithologiccharacter and inferred stratigraphic
relationships, the Mud Creek bedsmay be interpreted as having
formed in similar depositionalenvironments as the lithologically
similar Kokomo Limestone ofIndiana and some otherSalina"
carbonates of the MichiganBasin.This does not mean that the
Milwaukee beds are thesame age as the Kokomo orany other spe-
ciric Michigan Basin carbonateunit.Shaver et 21. (1978) suggested
that the Salina bedsrange in age from Wenlockian throughPridolian
and some deposition of thesebeds was contemporaneouswith reef
development in the surroundingarea.They also indicated that
Salina beds are sometimes foundat lower elevations than adjacent
reefs, but are not necessarilycontemporaneous with reef develop-
ment.The implied depositionalhistory is that reef development
resulted in topographically highareas and that a change in salinity
may have restricted or terminated reefdevelopment, but deposition
continued in the lower surroundinginter-reef areas.Since the357
change in environmental conditions was gradual (Pinsak and Shaver,
1974; Shaver et al., 1978), no unconformity would necessarily be
expected in the inter-reef beds, but a sharper contact may be present
on top of the reef as they were eventually buried.The evidence in the
Milwaukee area is inconclusive, but favors this interpretation.Pre-
Middle Devonian erosion may have removed some of the beds over
their original area of distribution.
Problems in Silurian Correlation
The problems involved in lithologically correlating the Silurian
rocks of eastern Wisconsin have been previously discussed.This
study, however, has succeeded in correlating much of the Silurian
in Racine, Walworth, Waukesha, and Milwaukee Counties with the
Chicago Silurian section.The Brandon Bridge has been correlated
through most of this area, but it wedges out against an unnamed
.cherty dolomite unit in Waukesha County.It has also been demon-
strated that the boundary between the Plaines beds and Brandon Bridge
Beds is a significant depositional break, but not necessarily of long
duration.The overlying Waukesha Dolomite has been redefined and
its relationships to the underlying Brandon Bridge and overlying
Racine are now well known.The Lower Silurian is not well exposed
in the study area and its correlation with specific units in the Chicago
area is less certain.All of these advances in correlation have come358
about because of the availability of core information and deep quarry
sections in the last few years.Little progress has been made in
correlating the Silurian of the study area with the exposures to the
north, mainly due to the lack of exposures in this area.The Lower
Silurian is, in part, well exposed in Dodge County, just northwest
of the study area, but the complete section of the Mayville is not
exposed and this complicates correlations to the south.The lower
Silurian beds in the study area is similar to some of the Mayville
beds, but is exposed only in isolated outcrops with no upper or lower
contacts observable, so their exact position in the sequence is not
known.The Byron is also well exposed to the north, but is not found
in the study area, although the thin Plaines may be its lithologic
equivalent.The Manistique Formation which overlies the Byron
can not be correlated with units in the study area with any certainty.
The Manistique and Racine beds overlying the Byron are not exposed
over much of the state to the north of the study area.Since
Chamberlin's (1877) work, it has been apparent that there is a
major north-south change in the Silurian rocks of Sheboygan, Dodge
and Washington Counties; this area has few exposures and the nature
of the transition has not been understood.Until cores, or possibly
geophysical information, becomes available for this area few im-
provements in the correlation of these units will be possible.359
Paleogeography
The Silurian paleogeography and depositional environment of the
Great Lakes area has recently been reviewed by Shaver et al. (1978)
and Mesollella (1978), however, the character of the Llandoverian and
Early Wenlockian depositional environments are not well known around
Wisconsin.It is likely that the Michigan Basin was a major feature
to the east, but there does not appear to be any significant change in
the character of these rocks from west to east except fora possible
thickening of individual units.During the deposition of the Llandover-
ian Byron Dolomite (north of the study area) hypesaline, shallow-water
conditions existed (Shrock, 1939, 1940; Soderman and Carozzi, 1963),
but most of the rest of the Llandoverian and Early Wenlockian units
appear to represent normal shallow-water platform environments.
In the late Wenlockian, during early deposition of the Racine
Dolomite, a shelf edge barrier reef-carbonate bank complexwas
built up on the margin of the Michigan Basin.Basinward of the
carbonate bank a number of pinnacle reefs developedon the shelf
slope.Behind the barrier reef a large number of individual reefs
developed on the fairly level platform as those commonly found in
the Racine Dolomite of southeastern Wisconsin (see Figures 42 and
43).The "barrier reef" shelf edge complexappears to extend west-
ward from Michigan, reaching the eastern edge of Wisconsin; this isSILURIANDEPOSITIONAL ENVIRONMENTSIN THE MICHIGANBASIN
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indicated by the northeastward thickening trend of the Silurian, as
a whole and as individual units, and by the change in composition
of lithologic units.
In the Late Silurian a downdrop in sea-level resulted in a re-
stricted circulation pattern in the Michigan Basin and hypersaline
conditions developed.Shaver et al. (1978) suggested that this may
have occurred in the Wenlockian and operated on a cyclical basis,
reaching a maximum in the Pridolian.363
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Locality Information for Sections on Trilobite Paleoecology
ILLINOIS
Lemont, Illinois
384
Quarries and drainage canal spoil banks in Sections 20 and 21, T. 37
N., R. 11 E., just east of Lemont, Cook County, Illinois, along the
Chicago Sanitary and Ship Canal and the Des Plaines River.
Grafton, Illinois
Grafton Quarry, NW 1/4, NW 1/4, Section 14, T. 6 N., R.12 W.,
just south of Graf ton, Jersey County, Illinois.See locality 7 in
Baxter (1970).
Lehigh, Illinois
Quarry of Lehigh Stone Company at Lehigh, 8 miles west of Kankakee,
Kankakee County, NE 1/4, Section 7,T. 30 N., R. 11 E.,Illinois.
See section 9 in Willman (1973).
Cordova Quarry
SE 1/4, Section 1,T. 19 N., R 1 E.,Rock Island County, Illinois.
Thornton Quarry
Active quarry of Material Service Corporation, S 1/2, Section 28,
and E 1/2, Section 33, T. 36 N., R. 14 E., Thornton, Cook County,
Illinois.
Morrison Quarry
Quarry on the north side of Morrison, Whiteside County, Illinois.385
Bridgeport Reef
Abandoned quarry in SE 1/4,Section 29, T. 39 N., R14 E., Chicago, Cook County, Illinois.
Hawthorne Reef
Filled quarry in NW 1/4,Section 34, T. 39 N.,R. 13 E., Cicero, Cook County, Illinois.
Conchidium Hill
SW 1/4, SW 1/4, SE 1/4,Section 20, T. 32 N., R.12 E., 1.5 miles southwest of Manteno,Kankakee County, Illinois.
McCook Quarry
Active quarry of VulcanMaterials Company, NE 1/4,Section 15, T. 38 N., R. 12 E.,McCook, Cook County,Illinois.
INDIANA
Conn's Creek, Indiana
NE 1/4, Section 6 T.11 N., R. 8 E., southof Waldron, Shelby County, Indiana.
Blue Ridge Quarry
NE 1/4, Section 6,T. 11 N., R. 8 E., 2km south of Waldron, Shelby County, Indiana.
Ausich locality 21
SE 1/4, SE 1/4, SE 1/4,Section 35, T. 10 N., R.7 E., gulley exposures at west edge of pig loton north side of Clifty Creek, 1/2 mile southwest ofHartsville, BartholomewCounty, Indiana.386
Ausich locality 48
SW 1/4, NE 1/4, SW 1/4,Section 12, T. 9 N., R.7 E., cut-bank
exposure on west bank of Fall. Fork,250 feet below AndersonFalls, 1 3/4 miles south ofHartsville, BartholomewCounty, Indiana.
Ausich locality 88
SE 1/4, SW 1/4, NE 1/4,Section 4, T. 11 N., R. 8E., spoil heaps of active quarry, St. PaulQuarries, Inc., 1/8 milenorthwest of St. Paul, Shelby County,Indiana.
Ausich locality 89
NE 1/4, SE 1/4, NW 1/4,and SE 1/4, NE 1/4, NW 1/4,Section.32, T. 11 N., R. 7 E., spoilheaps of activequarry, Norristown Quarry, Cave Stone Company, 4miles north of Hope,Bartholomew County, Indiana.
USNM loc.17595
Small exposureon the south side of an abandonedquarry on the east side of Conn's Creek,NE 1/4, Section 6, T. 11N., R. 8 E., Waldron, Shelby County, Indiana.
Delphi Reef
In the Delphi LimestoneCompany quarries at thewest edge of Delphi, SW 1/4, Section 19, T. 25N., R. 2 W., CarrollCounty, Indiana.
Monon Reef
In the activequarry of Monon Crushed StoneCompany, Inc. in SE 1/4, NE 1/4, Section 28, T.28 N.,R. 4 W., near Monon,White County, Indiana.387
Montpelier Reef
In the Muncie Stone Companyquarry at the north edge of Montpelier
(SW 1/4, NW 1/4, Section3, T. 24 N., R. 11 E.,Blackford County, Indiana.
Francesville Reef
In Francesvillequarry in NE 1/4, SW 1/4, Section 16,T. 29 N., R. 4 W., Salem Township,Pulaski County, Indiana.
Pipe Creek Jr. Reef
In the Pipe Creek Jr.quarry in N 1/2, NE 1/4, Section12, T. 23 N., R. 6 E., Point IsabelQuadrangle, 16 km southwestof Marion, Grant County, Indiana.
Rensselaer Reef
IOWA
Johnson Section 91-LangQuarry
Abandoned quarry approximately0. 75 km east off U. S.Hwy. 151 along the Maquoketa River,on the northeast side of Monticello,SE 1/4, NE 1/4,Section 22, T. 86 N., R.3 W., Jones County,Iowa.
Johnson Section 73. 1
Johns Creek Quarryapproximately 6.5 km southof Farley on Dubuque County road Y-13on the east side of the road; SE 1/4,SW 1/4, Section 36, T. 88 N., R.2 W., Dubuque County,Iowa.Sampled 20 cm above the base of the CyrtiaBeds in the HopkintonDolomite.-388
Johnson Section 73. 2
Same locality as above.
Sampled 3.5 m above the base of the Cyrtia Beds in the Hopkinton
Dolomite.
Johnson Section 77.1
Exposure along the south bank of the Wapsipinicon River at Massillon;
NW 1/4, NW 1/4, Section 13, T. 82 N., R. 1 W., Cedar County,
Iowa.
Johnson Section 21.1
Lux Quarry approximately 8 km south of Farleyon Dubuque County
road Y-13, on the west side of the road; SE 1/4, SE 1/4, Section 2,
T. 87 N., R. 2 W., Dubuque County, Iowa.
Sampled 15 cm above the base of the Cyrtia Beds in the Hopkinton
Dolomite.
Johnson Section 21/2
Same locality as above.
Sampled 75 cm above the base of the Cyrtia Beds in the Hopkinton
Dolomite.
Lux Quarry
Same locality as Johnson Section 21 above.
Johnson Section 43.1
Willms Quarry approximately 9. 25 km southeast of Monticelloon
Iowa Hwy. 38, on the west side of the road; Center of SE 1/4, Sec-
tion 7,T. 85 N., R. 2 W., Jones County, Iowa.
Sampled just above the base of the Cyrtia Beds.389
Johnson Section 43.2
Same locality as above.
Sampled 7. 75 m above the base of the Cyrtia Beds in the Hopkinton
Dolomite.
Johnson Section 103-Monticello Quarry
Operating quarry (B. L. Anderson, Inc. ) approximately 4. 75 km west
of Monticello on Jones County road D-62; NW 1/4, NW 1/4, Section
24, T. 86 N., R. 4 W., Jones County, Iowa.
Johnson Section 82-Elwood Quarry
Operating quarry (Alpha Crushed Stone) approximately 3 km north of
Elwood; Center of NW 1/4, Section 24, T. 86 N., R. 4 W., Clinton
County, Iowa.
Wyoming Quarry
NW 1/4, Section 33, T. 84 N., R.1 W., Jones County, Iowa.
Sneckloth Quarry
Center, Section 4, T. 81 N., R. 6 W., Cedar County, Iowa.
Mitchell Quarry
NE 1/4, Section 24, T. 82 N., R. 5 W., south of Lisbon, Linn
County, Iowa.
Palisades Reef Complex
Section 14, T. 82 N., R. 6 W., Linn County, Iowa, in Palisades-
Kepler State Park.NEW YORK
Middleport, New York
390
Lower Rochester Shale (about 3m above base of the formation)
exposed in a highly weatheredcutbank exposure alonga north-flowing
tributary of Jeddo Creek, about0.5 km south of N. Y. Tre. 31,and 1.4 km east of Freeman Road,Middleport, Niagara County,New York.
Lockport Gulf, New York
Exposures (now destroyed) ofLower Rochester Shale alongthe west branch of 18 Mile Creek atLockport Gulf,0. 8 km north of N. Y. Rte.
31, and 0.3 km west of N.Y. Central railroad tracks,Lockport,
Niagara County, New York.
OHIO
Celina Quarry
Quarry of J. W. Karsch StoneCompany, about 4 miles west ofCelina and half mile south of OhioHwy. 29, NE 1/4, Section5, T. 6 S., R. 2 E., Jefferson Township,Mercer County, Ohio.
Rockford Quarry
Quarry of Rockford Stone Company,1 1/2 miles northeast ofRock- ford, Center of northernmostpart of Crescent Grant of 1818,T. 4 S., R. 2 E., Dublin Township,Mercer County, Ohio.
Fairborne
Southwestern Portland Cementquarry, south of Ohio Hwy. 235,at Fairborne, Green County, Ohio.391
TENNESSEE
USNM loc. 13628
Waldron Shale on both sides ofInterstate Hwy. 40, approximately
300 feet east of the McCroryLane turnoff, Cheatham County,
Tennessee.
Quarry at Newsom, Tennessee
Quarry between the railroad andHarpeth River at NewsomStation, Davidson County, Tennessee.
NOVA SCOTIA
USNM loc. 10206
McAdam Brook about 1000 feetupstream from road, Arisaigarea, Nova Scotia, Canada.
USNM loc. 10203
McAdam Brook east branch,about 500 feet downstreamfrom road, Arisaig area, Nova Scotia,Canada.
USNM loc. 10835
Ridge east of McLean lake,Pictou County, Nova Scotia.
USNM loc. 10185
Shore 600 feet southwest ofMcDonald Brook and 300feet southwest of Red Band of Moydarton Arisaig Shore section, Arisaig,Nova Scotia, Canada.392
USNM loc 10189
100 feet southwest of mouthof Stonehouse Brookon Arisaig shore section, Arisaig, Nova Scotia,Canada.
USNM loc. 10205
McAdam Brook about 900feet upstream from road,Arisaig, Nova Scotia, Canada.
USNM loc. 10184
105 feet southwest of RedBand of Moydarton Arisaig shore section, 440 feet southwest ofMcDonald Brook, Arisaig,Nova Scotia, Canada.
USNM loc. 10187
725 feet southwest of RedBand of Moydarton Arisaig shore section, 1000 feet southwest ofMcDonald Brook, Arisaig,Nova Scotia, Canada.
USNM loc. 10910
Arisaig shore section,Arisaig, Nova Scotia.
USNM loc. 10192
750 feet southwest of the mouthof Stonehouse Brookon Arisaig shore section, Arisaig, NovaScotia, Canada.
USNM loc. 10191
425 feet southwest of themouth of StonehouseBrook on Arisaig shore section, Arisaig, NovaScotia, Canada.393
USNM loc. 10188
925 feet southwest ofRed Band of Moydarton Arisaig shore section, Arisaig, Nova Scotia,Canada.
BRITISH ISLES
USNM loc. 10247
Slumped outcrop above thelarge quarries at NashScar, Hash, Hereforshire, England.Grid ref. SO/3018 6234.
USNM loc. 10217
Temporary exposure behindnew building, 100 feet southof Damery Bridge, near Tortworth,Gloucestershire, England.Damery Beds, 50 feet above base ofsequence. Grid ref. ST/7056 9428.
USNM loc. 10219
Stream bed exposure 670feet north of HillhouseFarm, Charfield, Gloucestershire, England.Damery Beds, lowerhalf, Grid ref. ST/7267 9206).
USNM loc. 10245
Roadside exposureon north side of Route B 4362,about 1 mile east- northeast of Nash Scar and690 yards west-southwestof the railway bridge, Nash, Herefordshire,England. Grid ref. SO/31536316.
USNM loc. 10267
On shore north of FoxHill, Kilbride Peninsula,County Mayo, Ireland.Annelid Grit.394
USNM loc. 10223
West end of Damery Quarry, near Tortworth,Gloucestershire,
England.Basal Damery Beds.Grid ref. ST/7045 9440.
USNM loc. 10221
Roadside exposure 220 feet south of Damery Bridge,near Tortworth,
Gloucestershire, England. Damery Beds, about 100 feet abovebase.
Grid ref. ST/7055 9426.
USNM loc. 10265
Loose blocks in stream bed 250 yards northwest of MerrishawFarm,
Harley, Shropshire, England. Pentamerus Beds.Grid ref. SJ/5805
0090.
USNM loc. 10507
Forest Commission roadcut about 1/3 mile northwest ofPen-y-wan
and about 5 miles east-northeast of Llandovery, Wales.Grid ref.
845/364.
USNM loc. 10243
Large disused quarry north of Route B 4362across from Corton
House, and 170 yards west-southwest of railway bridge,Wales.
Grid ref. SO/3197 6334.
USNM loc. 10262
Disused quarry west of Route A 488 in HopeValley, 2 1/2 miles
southwest of Minster ley, Shropshire, England.Pentamerus Beds.
Grid ref. SJ/3551 0208.
USNM loc. 10519
Woodland Point, on coastroad between Girvanand Kennedy's Pass,
Scotland. Woodland Limestone.395
USNM loc. 10226
Hay Farm Brook section 465 yards west of Hay Farm, northeast
side of May Hill, Herefordshire, England.Yarleton Beds.Grid
ref. SO/6926 2263.
USNM loc. 10220
Roadside exposure 200 feet south of Damery Bridge,near Tortworgh,
Gloucestershire, England. Damery Beds about 90 feet above base.
Grid ref. ST/7055 9426.
USNM loc. 10459
About 50-60 yards south of Damery Bridge,near Tortworth,
Gloucestershire, England. Damery Beds.Grid ref. 706/943.
USNM loc. 10215
Exposure created by the straightening of Route A 38, 170 feet north
of the old A 38 bridge over the Little Avon River, Woodford,
Gloucestershire, England.Basal bed of Tortworth Beds.Grid
ref. ST/6879 9574.
USNM loc. 10253
Sawdde River section, 500 yards upstream from Bont Fawr,
Llangadock Carmarthenshire, Wales.Grid ref. SN/7173 2567.
USNM loc. 10270
Overgrown quarry west of the Llandovery to Myddfai road, about 400
feet northwest of Cefeb-cerig, Llandovery, Carmarthenshire, Wales.
Grid ref. SN/7752 3236.
USNM loc. 10257
Roadside exposure on the Llandovery to Myddfai road, 300 yards
north of Cefn-cerig, Llandovery, Carmarthenshire, Wales.Grid
ref. SN/7752 3257.396
USNM loc. 10218
Stream bed exposure 700 feet north of Hillhouse Farm,Charfield,
Gloucestershire, England. Damery Beds, lower half.Grid ref.
ST/7267 9206.
WSNM loc. 10232
Track-side exposure in Rudge Wood, 370 yards N. 24°W.of Rudge
Farm, Woolhope, Herefordshire England. Haugh WoodBeds.Grid.
ref. SO/5948 3564.
USNM loc. 10260
Stream section, 470 yards N. 10°E. of Llwyn-Meredith,Myddfai,
Carmarthenshire, Wales.Grid ref. SN/7662 3052.
USNM loc. 10272
Overgrown quarry 100 yards northeast of Round Lodge,Llwynyworm-
wood Park, Llandovery, Carmarthenshire, Wales.Grid ref. SN/
7689 3237.
USNM loc. 10259
Roadside exposure on the Llandovery to Myddfairoad, 200 feet west
of Cefn-cerig, Llandovery, Carmarthenshire,Wales. Grid ref.
SN/7745 3231.397
APPENDIX II
INTRODUC TION
This appendix lists and describes nearly all of the Silurian
bedrock exposures in Kenosha, Walworth, Racine, Waukesha,
Milwaukee, Ozaukee, and the eastern one-third of Washington Coun-
ties.Each locality is indicated on a map and assigned a locality
number. Early descriptions of the localities are presented and, when
available, new information is added if it contributes to the previous
description.Nearly all of the localities were visited, however, a
few could not be found and some were inaccessible. A significant
effort was made to obtain the older descriptions of the Silurian expo-
sures in the study area for the following reasons:
1.Most of the quarries in the study area, particularly in
Milwaukee County, are no longer operating (urban expansion has
forced many to close) and many are filled.Since many of the early
geological observations made in this area were based on exposures
at these old localities, it is important to determine what the rock
characteristics and relationships were like especially when no other
exposures are close enough to be used as a substitute.
2.The proper individuals deserve to receive credit for both
published and unpublished ideas which have often been attributed to
the wrong person or are "rediscovered" by someone else at a later
date.398
3.It is important to clarify what certain exposures were like
at the time various ideas (stratigraphic, paleontologic, sedimento-
logic) were being formulated (for example, see the section on the
Waukesha Dolomite.
4.It is necessary to precisely locate the source of the large
and valuable collections (Day, Greene, Teller, Milwaukee Public
Museum; see Appendix III, since it is impossible to recollect this
material in either quality or quantity because most of the localities
are no longer accessible.However, by locating the quarries or
exposures at which the material was collected, determining both
depths at various times and rock characteristics, it has been pos-
sible to significantly improve upon the stratigraphic, taxonomic,
and ecologic usefulness of these collections.
In this Appendix, information on thickness of Silurian rocks
and distribution was derived, in part, from Wisconsin Geological
Survey records.Thickness of overburden was derived from Trotte
and Cotter (1973) and from Wisconsin Geological Survey well logs.
Unpublished maps showing the location of most of the outcrops men-
tioned in this appendix can be found in the Alden papers in the U.S.
Geological Survey Library, Denver, and copies of some of these are
on file at the Wisconsin Geological Survey. Most of these localities
are also indicated on Alden's (1918, Plate I) map.The Geology
Department of the Milwaukee Public Museum has a set of quadrangles399
giving detailed locations ofexposures throughout the studyarea.
These maps were compiledby Gilbert 0. Raasch andIra Edwards
during the 1920-1940's.Locality numbers withan "MPM x" prefix
refer to the localitieson these maps.
Important fossil collections madein the studyarea are located
in the following institutions (seeAppendix III):
The F. H. Day collectionis located in the Museumof Compara-
tive Zoology at HarvardUniversity.It was assembled in the1850 -
1880's and is the finest collectionin the quality of the specimens
made in the area.It has been divided taxonomicallyand placed into
the general collectionso it is no longer possible to studythe collec-
tion as a whole.
The T. A. Greene collectionis located in the GreenMuseum
at the University of Wisconsin-Milwaukee.This collectionwas
assembled from 1800-1894 andis the best intact collectionfrom
southeastern Wisconsin.
The E. E. Teller collectionis located in the NationalMuseum
of Natural History, Washington,D.C.It was assembled from1880-
1910.This collection has alsobeen divided into taxonomiccategories
and mixed in with the generalmuseum collections.The Field Museum
of Natural History-Universityof Chicago collectionscontain a large
amount of Wisconsin material,including some of Hall'sspecimens
and specimens donated byE. Teller.400
The Milwaukee Public Museum containsimportant collections
assembled by G. 0. Raasch (1920's-1940's) andJ. Emielity (1940's-
1960's).Most of this material is accompanied by detailedlocality
information.
Collections made by I. A. Lapham and the Chamberlinparty
for the Wisconsin Geological Survey have forthe most part been de-
stroyed or lost over the years.
KENOSHA COUNTY
The bedrock surface in Kenosha County iscovered by 100 or
more feet of glacial drift and soil; Hutchinson (1970) recentlyhas
published a map of the bedrock topography.One small area to the
northwest of the city of Kenosha in SummitTownship has been de-
scribed as having outcrops (see Figure 44).Schoolcraft (1821) made
the first geologic observations in thearea, noting that he found a
liquid mineral resembling asphaltum in thevicinity of what is now
Kenosha County.Ball (1918), however, believedSchoolcraft's obser-
vations were of Quaternary features andnot bedrock occurrences.
On August 22, 1851, The Telegraph,a Kenosha newspaper, re-
ported the discovery ofan outcrop in an article entitled "A Stone
Quarry":
We have learned thatan extensive stone quarry has been
discovered a few miles north and west ofthis city.This401
Figure 44. Locality map of Kenosha County showing numbered
localities discussed in text.Structures located to the
right of the county on map may be Silurian reefs present
in Lake Michigan.Diagonal lines indicate areas where
Silurian has been eroded through to Ordovician bedrock.SOMERS
TWP.
Figure 44
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discovery is of no small value to the citizens of this part of
the county, who have always been obliged to go north of Racine
for their lime.This stone of of excellent quality for burning.
And we hope no long time will intervene before some individ-
ual or company will feel the necessity of a little more money,
which will compel them to secure the land, and go into busi-
ness of quarrying stone, and burning lime.There is no
end to the amount of stone which would be used in this city
if it could be obtained as cheap as bricks are now obtained.
And as for lime, thousands and thousands of barrels are
every year hauled a distance of thirteen miles from Racine,
which would remain these, provided that it could be obtained
nearer home.The quarry is in easy access; an excellent
road on high ground, leads to it from the city.
Another brief reference in Kenosha County outcrops was made
by J. G. Percival (1856) who reported beds of the Mound limestone
with layers of bitumen on the south fork of Pine Creek in this county.
This occurrence might be related to Schoolcraft's discovery of
asphaltum.There is no Pine Creek in Kenosha County, however,
the name is probably a misspelling of Pike Creek in the eastern part
of the county.
T. J. Hale's 186 0 field notebook briefly described a quarry of
Racine Limestone on Pike Creek in the SW 1/4, Section 10, T. 2 N.,
R. 22 E., Kenosha County:
This is Racine Limestone and is low in the bed of Pike
Creek, but a few cords of stone have been taken from it.
This is about a miles from the... mill--a well known
object in the vicinity... There is also an untried... ledge
on Section 11, SW 1/4; the owner promised to open it.
No other outcrops have been reported in Kenosha County or
indicated on maps in the detailed works of Chamberlin, Alden,404
Hotchkiss and Steidtmann, Shrock, and Hutchinson.
It is probable that the outcrops described in The Telegraph
article and mentioned by Percival and Haleare the same.Hale's
usage of the name Racine Limestone implies a crinoidal, porous,
thick-bedded rock.The presence of bitumin or asphaltum is signifi-
cant since it is the only occurrence of this material in the Paleozoic
of southeastern Wisconsin besides those in the Devonian at Estabrook
Park and the Texas Avenue sewer tunnel locality, both in Milwaukee
County. A search was made in the southern half of Section10, along
Pike Creek, in 1979, but no outcrops were located.Since the stream
bank is heavily overgrown, it is possible thata small outcrop may
have been overlooked.Unworn fragments of Silurian dolomite are
abundant in many places along the stream, however.
No other outcrops have been reported from Kenosha County.
Ball (1918) made a detailed study of the Pike Riverarea of the city
of Kenosha, but found no outcrops.In the extreme western part of
the country (T.1 N., R. 19 E., NE 1/4, SW 1/4, Section 3)a water-
well reached bedrock within 25 feet of the ground surfaceand expo-
sures may be present in the area.405
WALWORTH COUNTY
Silurian rocks are present in only parts of the eastern half of
Walworth County and a small area south of the west end of Lake
Geneva (see Figure 45).Exposures of Silurian bedrock are rare
because of a thick covering of Quaternary sediments and are located
primarily along the eastern edge of the county.Green (1968) and
Borman (1976) have both published maps showing the bedrock topog-
raphy of this county.
The thickness of Silurian rocks ranges from zero feet in the
center part of the county to approximately 120 feet along the eastern
edge of the county, this variation being due to the eastward dip of the
Silurian and older sedimentary rocks.The youngest Silurian rocks
exposed belong to the Brandon Bridge beds which are characterized
by a conspicuous red, argillaceous lithology.Silurian bedrock expo-
sures are known from only three areas, none of which is currently
well exposed.The most important are the old quarries along the
White River in Walworth County, just west of Burlington, Racine
County. Two other small, old quarries are also known, one along
Sugar Creek approximately three miles west of Honey Lake, and
another at the southeast corner of Potter Lake in the northeast corner
of the county.Unsubstantiated exposures have also been reported
near Lyons and Lake Geneva.406
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Locality map of Walworth County showing numbered
localities discussed in text.Diagonal lines indicate
areas where Silurian rock has been eroded through
to Ordovician bedrock.407
Voree Quarry
Locality 2
NE 1/4, Section 36, T. 3 N., R. 18 E., Spring Prairie Twp.,
Walworth County
MPM x28. 1
elevation:760 feet
Quarry on the east bank of the White River
The oldest and formerly best exposures of Silurian rock in
Walworth County were in the quarries along the White River at the
east edge of the county (see Figure 46).These quarries have long
been famous for specimens of the trilobite Stenopareia imperator;
the locality usually given for these specimens is Burlington because
of the close proximity of this Racine County city to the quarries.
This quarry on the east bank of the White River was started
around the 1840's at the site of a Mormon settlement.Percival
(1856, p. 69-70) was the first to describe the rocks exposed in this
quarry as a part of his description of the Mound Limestone in eastern
Wisconsin.He stated:
...I have observed the rock of the present formation in
place only at Waukesha, Casselman's quarry in East Troy
and Voree near Burlington.In all these localities the rock
has the characters of the lower bed, as it is seen in the
mounds and ridges towards the Mississippi.It is the
same light colored nearly compact rock, easily dressed,
and often admitting a good polish, and when sufficiently
thick, is a valuable material for building.This is408
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Figure 46. Locality map showing locality 2 in Walworth County.
This locality is commonly referred to as Burlington
because of its close proximity to that city in Racine
County, to the east.409
particularly the case at Waukesha and Casselman'squarry
where the rock is thicker and firmer.At Voree it is thinner
and softer and alternates with layers of shale, andappar-
ently lies near the base of the formation.In all these
localities fossils are unfrequenl,but occasional layers
occur in which they are more abundant.The rock in all
these localities is at a low level, raised buta few feet
above Fox River or its branches, to which theyare con-
tiguous.
T. J. Hale (1860, unpublished field notes, p. 3-4) described
these beds as follows:
This is a soft-thin bedded form of Niagara unlike that
found elsewhere but resembling in some degree that at
East Troy 12 miles north.
I.A. Lapham (1873, 1874, unpublished field notes) made a
couple of visits to this quarry (which he referred to as formerly
Voree's), one with T. C. Chamberlin's field party. He found that
the quarry exposed six feet of rock, the surface of which dipped
towards the west and was overlain by eight and one-half feet of drift
and soil.Only a few fossils were found in the "shaley limestone."
He also mentioned finding red, shaley sandstone in the drift in
Walworth County that probably belonged to the Clintonor Medinan
Group.It is probable that these reddish argillaceous rocks in the
glacial drift are actually derived from the Brandon Bridge beds.
The presence of these rocks in the drift of southeastern Wisconsin
led Lapham to believe that a reddish sandstone (1851,p. 169-170,
Unit V) was present between the Galena Limestone and the Waukesha
Limestone.410
In 1877 Chamberlin (p. 203-204) described the glacial-related
phenomena in a Mr. Smith's Quarry (Voree)near Burlington.His
description and diagram of the east wall of thequarry indicate that
approximately ten feet of rock was exposed, overlain by fourto five
feet of drift.Chamberlin also mentioned that "on the opposite side
of the White River, five or six rods distant" the surface of thebed-
rock shows no glacial striae.This indicates that there may have been
a natural outcrop in this vicinity.He made additional observations
about the quarry in relation to glacial features (p. 208-209):
Near Burlington there is an exposure ofa thin-
bedded, rather argillaceous dolomite, different from
any seen elsewhere, and containing the Trilobite,
Illaenus imperator, in considerable numbers, with but
few other fossils.Nothing that could be mistaken for
it by a careful observer has yet been found elsewhere
in the state.In the Kettle Range southwest of
Burlington, large quantities of this rockare found, and
at heights very considerably above the present surface
of the rock.The blocks are usually somewhatworn, but
still subangular.Their identity is put beyond question
by the presence of Illaenus imperator.
In his discussion of the Niagaran Limestone he doesnot describe the
quarry or beds exposed there, but he does include them in the Racine
Dolomite location in his faunal list for that unit.The following fossils
were listed from this locality (p. 372-376):
Buthotrephis und. sp.
Spirifera plicatella var. radiata
Illaenus imperator
Illaenis insignis
Calymene niagarensis411
In 1897 Buckley (unpublished field notes) noted thatthe quarry
owned by W. A. Aldrich (Voree)was full of water and had not been
operated for some time.His description of the rocks around the
quarry indicate that they were of typical Brandon Bridge lithology.
In 1898 (p. 326-327) he briefly described theserocks.
Alden (1918) described thisquarry as follows:
In William Aldrich's quarry,a mile west of Burlington,
Racine County, red ocherous beds wholly differentin
character of those seen atany other place are exposed.
This deposit has been included in the Niagaradolomite,
but it may perhaps representsome of the beds under dis-
cussion (Clinton).At the time of the writer's visit the
quarry hole was full of water, so that the strata could not
be seen in place, but rock that had beentaken out was exposed
in piles nearby.This rock is impure, thin-bedded, dolomitic
limestone, splitting and breaking readily into smallpieces.
In color it varies from light buff to yellow, reddishyellow,
dark red, and purplish red.The red rock, which is softer,
than the buff and which disintegrateson exposure to red
shaly mud, was said to be from the bottomof the excavation
The rock carries cyrstallized calcite and,especially in the
purple layers, abundant fucoidal markings.
R. R. Shrock visited the quarry severaltimes in 1930-1931 as
part of his work on the Silurian stratigraphy ofeastern Wisconsin.
In 1931 (unpublished field notes) he found thequarry was actively
operated by J. W. Peters and displayeda 25 foot section (see Figure
47).He made a detailed diagram of theexposures and described them
as follows:
Bed 1.The lower 4 feet are composed ofvery variable stone.
Well stratified, in placesgray with reddish, splotches, again
a crude stratification is present caused by lenticularmasses
of red and yellow or gray material.In the south side of theJ. W. PETER'S QUARRY, BURLINGTON
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Figure 47.Section of the Brandon Bridge Beds in the Voree (J. W. Peter's) quarry (locality 2).
See text for details.After Shrock (1931, unpublished fieldnotes).413
sump may be seen several large cavities filled with banded
clay-green, gray, reddish, or with very red clay like ochre,
apparently from the solution of the argillaceous dolomite.
The wall rock near the red clay is a very reddish, clayey
dolomite characterized by the lenticular markings described
above.This may represent a phase very near the base of
the Mayville.
The upper two feet are much like the lower part, ex-
cept that the rocks forms a more massive layer and is
somewhat more crystalline.
The heavier courses of Bd.1 are used for building
purposes.Beds mainly thin however (6 " -1 1/2').
Very red clay has small concretions or nodules which
seem to be a little more firmly cemented.
Total thickness of Bed 1 6 feet
Bed 2.Lower part of variegated reddish or gray crystalline
dolomite in thin beds averaging 4" thick.Parts of some
layers filled with fucoids used for flagging. Some layers
weather clayey.
Middle of bed is a very thinly banded or laminated
marroon shale which breaks up into a red mud and is full
of seaweeds. Varies in thickness from 0-1 1/2 feet, and
appears, where containing most weeds to have been a little
mound or ridge.In this case it changes laterally into
normal beds like shaley.
Upper part much like lower, but composed of thin
slabs or flags 1"-4" thick, dense, crystalline, slightly
druzy bedsincipient recrystallization--alternating with
"sandy" or shaley beds.
Total thickness of Bed 2 5 5 feet
Bed 3.Consists of a series of very fair flaggy beds
averaging 2"-4" in thickness, and frequently breaking
out blocky. Some beds show incipient recrystallization,
and pyrite is common. Not so much red in these beds,
the general tend being buff.Quite argillaceous along cer-
tain beds, blue and somewhat crystalline in others. Some
thin shale zones.
B. imperator very common throughout, at base and
top.Several br chiopods noted.Bedding planes near top
show mud cracks, very smooth ripple (wave?) marks and
many large fucoid and some worm borings probably (latter
appear as green material).414 Upper 5 1/2 feet is very slabby,1"-3", highly weathered,
and bears evidence of shallowwater deposition by ripple marks,
mud cracks or smooth beddingplanes. Some layersare cov-
ered with fucoidal markings.Weathers to a sandy, buff
colored shaley dolomite. More ofa blue when unweathered.
Total thickness of Bed 3 14 feet
Shrock also noted the followingfossils:
Stenopareia imperator
cephalopods
rugose corals
1 graptolite
possible trace fossils
No mention was made ofany quarrying activity on the west side of
the river at this time.
Burpee (1932) found that rocksamples collected by Shrock
from the Peters Quarry containeda distinctive fauna of siliceous
piano- coiled Foraminifera. Hewas also able to recognize this
microfauna in a water well in Burlingtonand in one at Waukesha
(probably the White Rock well).Burpee assigned these beds to the
Waukesha Dolomte forreasons that are unclear.The horizon he
identified in the Waukesha well isin reality the Brandon Bridgebeds,
as are those that produced the Foraminiferfauna around Burlington.
He did find Foraminifera in theRacine beds in theupper part of the
Waukesha Lime and Stone Quarrynorth of Waukesha andmay have
thought that this was thesame horizon.
Ball (1940) described thisquarry in an attempt to correlate
the exposed rocks withlithologically similar units of thelower
Mississippi Valley. He reported thequarry to be about 26 feet deep,415
but only 17 feet were exposed above the water level.He described
the east face of the quarry as follows:
Unit 12.Dolomite, in beds averaging 2 1/2 inches in thick-
ness, dense, yellowish gray with faint traces of green
and black 8 inches thick.
Unit 11.Dolomite, in 2 to 3 inch beds, dense, with color
bands up to 1/2 inch in thickness, colors faint shades
of gray or green 2 ft. 2 in. thick.
Unit 10.Dolomite, shaly, colors about the same as in unit
above, the shaly portion near the base in large,wavy
sheets, bedding surfaces covered witha network of long
ridges and furrows, resembling algal remains; small
brachiopods 8 inches thick.
Unit 9.Dolomite, thin-bedded, indistinct bedding laminae,
dense, earthy, deep green with occasional lighter bands,
a more purple banding near the base...1 ft. 2 in. thick.
Unit 8.Shale, grading laterally into green, platy dolomite,
the shale light green, with limonite andmanganese
stains 1/2 inch thick.
Unit 7.Dolomite, shaly, dark green, poorly laminated.
5 inches thick.
Unit 6.Dolomite, shaly, dull gray, weathering to a deeper
greenish color 1 1/2 inches thick.
Unit 5.Dolomite, flaggy, laminated, with planes of the
laminae showing mottled coloring, pink inan area of
green, fossil fragments and solution pits from which
fossils have disappeared 3 ft.1 in. thick.
Unit 4.Dolomite, earthy, compact, greenish gray
6 inches thick.
Unit 3.Dolomite, a somewhat massive bed, compact, resis-
tant, with prominent color bands, greenish gray alternat-
ing with pink above, but near the base, ina band 4 1/2
to 5 inches thick, a deep red color appears
1 ft.1 in. thick.
Unit 2.Dolomite, thin-bedded, compact colors not vivid,
but in bands of faint green, and a less vivid red than
above; some concretion centers and calciticvugs
2 ft. 2 in. thick
Unit 1.Dolomite, in slightly thicker beds, banded colors
of deep red, alternating with bands of yellow, yellowish
green and limonite; bedding surfaces show mottled
patches of grayish green in a field of red similar to416
the Dixon or Bainbridgeformations of Missouri
5 ft. 10 in. thick.
Ball also noted that his Units5 and 10 contained microfossils,Unit
10 had a predominance of brachiopods,and that Unit 5 containeda pos-
sible fragment of Stenopareiaimperator.He mentioned that the
quarry workers said that Stenopareiaimperator mostly came from
beds at or below the thenexisting quarry floor.
Gutschick (1941) describeda collection of ostracodes and other
microfossils he obtained frominsoluble residues derived fromrocks
collected in thisquarry.The fauna included (p. 164:
...arenaceous foraminifera whichseem to be abundant
throughout most of the section,internal molds of small
brachiopods, fragments of smallgastropods, abundant
bryozoa remains,a few hexaxial sponge spicules, andan
abundant ostracode fauna.
The ostracode fauna is comprisedof about fifteen species andnine
or ten genera, including Kloedenella,Tubulibairdia, Leperditia and
Bairdia, all occurringas silicified internal molds.
Raasch (1946, unpublishedinformation) listed the following
fossils from thequarry based on Milwaukee Public Museumcollec-
tions:
Stenopareia imperator-37
Calymene celebra-11
Eophacops handwerki-3
Encrinurus tuberculifrons- ?
Enterolasma calyculum?
Dalmanella elegantula-3
"Leptaena rhomboidalis"-1
Barrandella ventricosta-27417
Dolerorthis flabellites-1
Fardenia sp. nov. -A
Platyce ras sp. -4
A second large quarry was opened sometime after the early
1940's just west of the Voree (Peters) Quarry on the opposite side
of the White River.This quarry was also operated by the J. W.
Peters Company, but by the early 1960's both quarries were flooded
and have not been operated since.However, a few feet of the upper
beds are still exposed above water level along the south wall of the
Voree Quarry. A loose block of rock collected outside of the quarry
on the west side of the river in 1963 contained common Stenopareia
imperator parts, in contrast to the scattered occurrence usually re-
ported for this trilobite.
Sugar Creek Quarry
Locality 3
NW 1/4, SE 1/4, SW 1/4, NW 1/4, Section 16, T. 3 N., R. 18 E.,
Spring Prairie Twp., Walworth County
MPM x28. 2
elevation:810 feet
Agandoned quarry on south side of Sugar Creek
This small abandoned quarry is located on the south side of
Sugar Creek at the foot of a northwest-facing hill approximately 1100418
Figure 48. Airphoto and localitymap of Sugar Creek quarry (locality
3, USNM loc. 11170) WalworthCounty. Airphoto (A) and
diagram (B) showing locationof the quarry.Airphoto
by Southeastern Wisconsin RegionalPlanning Commission.
Date:1970.419
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feet northeast of the Hargrave's Road bridge crossing Sugar Creek
(see Figure 481.The quarry is directly east of a small bend in the
creek that turns first sharply to the west and then sharply back to the
east.This locality was first indicated by Alden (1918, P1. I) on his
Geologic Map of Southeastern Wisconsin.
The quarry was briefly described by Shrock (1930, unpublished
field notes) as two small holes along the slope of a low hill on the
south side of Sugar Creek.Slabs of dolomite were common in the
soil around the quarries and several thin ledges projected from be-
neath the soil in the quarries themselves. He noted that the rock
was a slabby, gray to buff, earthy to crystalline dolomite, similar to
beds exposed in the quarries near Burlington and also those at
Casselman's Quarry to the north. A local farmer told Shrock that
rock was exposed in the creek bed but none could be found at that
time.
G. 0. Raasch made a collection from these rocks in the 1940's
and found them to contain abundant pentamerids which he correlated
with the Schoolcraft Dolomite of northern Wisconsin (1955, unpubl.
ms. )A. J. Boucot made a collection (USNM loc. 11170) of this
same material in 1964 and correlated it with the Kankakee Formation
in northeastern Illinois.He found nine speciments of Pentamerus sp.
An examination of the quarry in 1970 found it to be badly over-
grown and slumped over; however, a number of slabs of fossiliferous421
dolomite were collected from the south wall in a one to two foot
exposure.The rock is a fine-grained, dense, non-porous, light
brown dolomite and contained the following fossils (brachiopods identi-
fied by A. J. Boucot):
Calymene sp. -1 free cheek
small rugose coral -1
Antirhychonella sp. -1 pedicle valve
Pentamerus sp. - 11 pedicle valves, 12 brachial valves
few small pelmatcozoan stem sections
Casselmants Quarry - Potter Lake
Locality 4
NW 1/4, SE 1/4, SW 1/4, Section 11, T. 4 N., R. 18 E., East Troy
Twp., Walworth County
MPM x33. 1
elevation: approximately 810-820 feet
Small, overgrown quarry in a small ravine a short distance east of
the southeast corner of Potter Lake, north of Hwy. 24, and west of
Miramar Drive.
Percival (1856, p. 69-70) made the first observation on the
nature of the rocks in this quarry (see Voree Quarry).
These rocks were assigned to the lower part of the Niagaran by
T. J. Hale (1860, unpublished field notes) and he reported findinga
crinoid and the trilobites Bumastus and Calymene, the only fossils422
Figure 49. Sections in the Casselman's quarry (locality 4) at Potter
Lake, Walworth County.(A) is the section made by
T. J. Hale in 1860 Unpublished field notes) (B) locality
map after Shrock (1930, unpublished field notes); (C)
section made by Shrock (after Shrock, 1930, unpublished
field notes).CASSELMANIS QUARRY, POTTER LAKE
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ever reported from this quarry. He described this locality (see
Figure 49A) as follows (p.12):
This stone resembles that in the hill N. of Geneva Lake.
The upper thin beds resemble very much that at Voree.
The heavy beds contain some nodules similar to that at
Waukesha.
Chamberlin (1877, p. 359) remarked thata "closely allied
strata" to the Waukesha beds "occur at Casselman's Quarry...
but no distinct fossils were found." He also referred briefly (p.203-
204) to glacial warping of the beds here similar to that foundat
Burlington.
Alden (1898, unpublished field notes,p. 27) mentioned that the
quarry had not been worked for several years since Casselman died
and was largely dirt-covered and overgrown. He did, however, find
a six foot section exposed along part of the north side showing the
rock to be thin-bedded.
In 1930 R. R. Shrock (unpublished field notes) visited thisquarry
(see Figure 49B and C and described itas follows:
About 5'-7' of gray and light-buff mottled dolomite,
somewhat earthy and in layers from 2 " -4" thickare exposed
in the small quarry now overgrown and practically hidden
in underbrush. Some layers have green films in them.
When weathered the stone become: sandy and earthy
and changes to a pinkish tingedor buff color.
Unless there is a fresh hole where stone has been
taken out recently the outcrop would be hard tosee because
of the gravel from above slumping downover it.The rock,
however, can be studied in the walls of several buildings
just west of the old quarry.
Apparently this rock was also burned from (sic) lime425
for a short distance south along a low bluff numerous pieces
of partially calcined lime may be seen.The rock would
probably make a fair lime, could be used for ground lime
and is fine also for flagging and building stone.
A brief search in 1979 revealed about one foot of rock exposed
in the bottom of the stream running west through the ravine.The
entire area is heavily overgrown and the quarry walls appear to be
completely covered by soil.
Both Casselman's Quarry and the Sugar Creek Quarry are diffi-
cult to correlate with known southeastern Wisconsin Silurian rock
units.They are thought to occur low in the Silurian; the Sugar Creek
exposures are somewhat similar to the Plaines Member exposed at
the main quarry at Ives, Racine County.Both exposures are near
the outer edge of the Silurian bedrock which would also indicate they
are low in the Silurian.
Other.Walworth County Localities
Localities 5 and 6
Two other localities in Walworth County have also beenmen-
tioned as having outcrops of Silurian.T. J. Hale (1860, unpublished
field notes, p. 10-11) described a lime kiln belonging to Thomas
Morehead on the north shore of Lake Geneva in Section 5,T.1 N.,
R. 17 E., Linn Twp. (locality 5).The kiln was situated on the side
of a hill approximately 150 feet high and rock was being excavated
from a 35 foot deep pit on the top of the hill (see Figure 50A).Hale426
Figure 50. Diagrams showingpossible Silurianexposure on the north
shore of Lake Geneva, WalworthCounty (locality 5).
(A) diagram after Hale (1860,unpublished field notes);
(B) diagram after Lapham(1872-1874, unpublished field
notes).Lake
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said that all the rockwas in the form of loose, tumbled slabsof
dolomite mixed with clay andwas similar in appearance to that
around Burlington and atCasselman's Quarry.In 1874 Lapham
(unpublished field notes) presenteda diagram (see Figure 50B)
almost identical to that of Hale'sand further located thisquarry in
the E 1/2, NE 1/4, Section5.Lapham's diagram indicatesthat he
thought the top of the hillto be composed of yellowlimestone under-
lain by clay(?).Chamberlin (1877,p. 342) mentioned that Silurian
rocks approach the surfaceon the north side of Lake Geneva butthat
they do not outcrop.
Information in the WisconsinGeological and Natural History
Survey files indicate thatthere is a quarry (locality 6)located along
North Road where itcrosses a small south-flowing creeknear the
Center, Section 3, T. 2 N.,R. 18 E., one-half milenorth of Lyons,
Lyons Twp., at an elevationof 817 feet. A brief searchof this area
revealed no exposures.429
RACINE COUNTY
The bedrock surface is generally covered by 100 or more feet
of Quaternary deposits in Racine County (Hutchinson, 1970, p. 13).
Natural outcrops consist of a few low exposures in the eastern quarter
of the county and are confined to areas where stream or lake erosion
has uncovered high areas of the bedrock surface.Hutchinson (1970,
P1.1) shows the bedrock topography and geology of the county.
These outcrops are located along the Root River in Section 6, T. 3 N.,
R. 23 E., Section 26, T. 4 N., R. 22 E., and along the Lake Michigan
shore at Wind Point (Section 27, T. 4 N., R. 23 E. ).A number of
quarries have been opened in and around these outcrops.In the
southwestern part of the county around Burlington the bedrock surface
is occasionally within a few feet of the ground surface, particularly
along the Fox and White Rivers.Natural outcrops have not been re-
ported but a quarry has recently been opened in the bottom of a gravel
pit just southeast of Burlington.See Figure 51 for locality map of
Racine County.
Because the bedrock dips towards the east the exposure in the
western part of the county exhibits older rocks than those in the east.
This is well demonstrated by the fact that the quarry southeast of
Burlington is mostly in the Brandon Bridge beds with a bedrock
elevation of 767 feet, while the main quarry at Ives exposes the same430
Figure 51. Locality map of Racine County showing numbered
localities referred to in text.Structures to the right
of the county on map may be Silurian reefs in Lake
Michigan.Diagonal lines indicate areas where Silurian
has been eroded through to Ordovician bedrock.4.
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unit approximately 150 ft. to 200 ft. below the surface with the bed-
rock elevation of 645 feet.
The outcrops and quarries in the eastern part of the county are
impostant because the type section of the Racine Dolomite is located
there, and these exposures have been the source of abundant well
preserved fossils for well over a hundred years. Most of these fos-
sils have been found in reefs and reef-associated beds of the Racine
Dolomite. Over 80 holotypes of invertebrate fossils have come from
the Racine area Racine Dolomite.
Racine Reef (locality 7) and Other Similar
Structures in Lake Michigan
A large topographically high structure called Racine Reef is
located approximately 0.5 mile east of the shoreline just south of
the Racine harbor entrance in Lake Michigan (see Figure 52).It
extends over 1. 75 miles to the east, having a maximum width of about
one mile and rising on its eastern end about 30 ft. above the lake bed
to within 10 ft. of the lake surface. Lapham (1846, p. 123) mentions
a reef of rocks a mile and a half long and a half of mile wide off
of Racine.Martin (1916) described this structure, but was uncer-
tain as to whether it was a bedrock-controlled body or was composed
of unconsolidated material,
Racine Reef has been responsible for the sinking of at least433
Figure 52.Map showing topography of Racine Reef
(locality 7) in Lake Michigan off the shore
of Racine, Racine County, Wisconsin (after
Martin, 1916, Figure 123).434
eleven ships (Racine Sunday Bulletin, June 13, 1954) and, therefore,
fits the nautical definition of a tree reef, being a hazard to navigation.
The question is, however, whether or not this structure isa Silurian
reef as well.
The upper surface of the Reef does exhibit bedrock exposures
(Jerry Walsh, 1976, personal communication) and in all likelihood is
a Silurian reef.Bretz (1939) described a number of submerged
Silurian reefs just off the Chicago shore in southern Lake Michigan,
and recent work by the Illinois Geological Survey (Collinson, Norby,
and Hansen, 1979) has located over 100 bedrock reefs along the
Illinois shore from Indiana to Wisconsin.Most, if not all, of these
structures are probably true Silurian reefs.
The topographic expression of these reefs is due to theirsuper-
ior resistance to erosional forces compared to that of the surrounding
rock, and as a result, most known Silurian reefs in southeastern
Wisconsin appear to be bedrock hills surrounded by glacial debris.
Variations in lake level have resulted in the erosion of these surround-
ing sediments and at least partial exposure of many reefs.The Wind
Point reef is currently being exposed in such a manner by shoreline
erosion.
Two other smaller, submerged structures (North Shoal and
South Shoal) are located about 1.5 miles off the Wind Point shore,
both of which are probably also Silurian reefs.There are a number435
of other small mounds indicated on bathymetricmaps of the area and
a detailed geophysical survey would probably reveal many more of
these structures as indicated by the work done by the IllinoisGeo-
logical Survey.
Wind Point
Locality 8
NW 1/4, SE 1/4, NW 1/4 Section 27, T. 4 N., R. 23 E.
MPM x31. 5
elevation: 582 feet
A number of low outcrops are exposed along theLake Michigan
shore in Shoop Park, Wind Point.These exposures extend for several
hundred yards south of the lighthouse and the bedrock surfaceextends
out into the lake for an undetermined distance. A few scatteredout-
crops may also be present north of the lighthouse.
Alden (1898, unpublished field notes) madea brief description
of the outcrops and found the rock to bea very hard, gray, fossilifer-
ous dolomite.Ball (1918) mentions finding a large piece of marcasite
along a joint plane at this locality.The outcrops consist of typical,
crinoidal, reef-associated Racine Dolomite like thatexposed in the
quarries around Racine.Only a foot or so of rock is usually exposed
above lake level and boulders derived from theoutcrop are abundant
in the area.Ives
Locality 9
MPM x31. 1
elevation: 649 feet
436
Several quarries (See Figure54) are located along ThreeMile
Road at the intersection ofHwy. 32 at a place formerlyknown as Ives,
just north of the city ofRacine (SE 1/4, Section 29;SE 1/4, SW 1/4,
Section 29; NW 1/4, NE 1/4,Section 32, T. 4 N., R. 23E.) (see
Figure 53).These quarrieswere probably opened soon afterRacine
attracted its first settlersin the early 1800's. Thebedrock is within
a few feet of the surface and it ispossible that naturaloutcrops were
once present but have since beenquarried away.
Percival (1856) made theearliest descriptions of theRacine
area exposures. At Ives he made thefollowing observations(Percival,
1856, p. 70):
About three miles northof Racine,--at Cooley'sand Toes' quarries, beds of limestonerock have been excavatedbut a few feet, some of the layers ofwhich abound in fossils
similar to those at Grafton,and at the rapids of Rootriver nearly west of these,a similar fossiliferous rock isexposed.
He considered these bedsto be part of his MoundLimestone. Both
Cooley's (initials probablyE.R.) and Toes' quarrieswere most likely
located just to the northeastof the present intersectionof Hwy. 32
and Three Mile Road at thecurrent site of the mainquarry of Vulcan437
Figure 53. Airphoto (A) and locality map (B) of the Ives area
(locality 9) of Racine County showing location of
quarries discussed in text.Airphoto from National
Archives and Records Service, General Services
Administration; No. XC-25-2288 Racine County; date:
8-12-37.A
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Materials Company.
T. J. Hale (1860, unpublished field notes) "found thequarry on
the point 4 miles N. of Racine underwater" a the time of his visit.
Chamberlin (1877) described the area as havinga quarry oper-
ated by Vaughn (William W. ).This quarry was located at the present
site of the main quarry of the Vulcan Materials. Company. He made
the following observations (Chamberlin, 1877,p. 361-362):
At Vaughn's quarry... the first six or eight feet,as it lies
in the beds, is deep yellow in color, verging toorange and
red on the one hand, and to pale buff on the other.Below
this the color varies from ash-gray to grayish-blue.The
upper layers are apparently thinner bedded than those below,
though this is probably only the effect of the elements.The
lower payers are heavier, but do not often exceeda foot in
thickness.The beds are but obscurely defined, so that it
is difficult to trace a given one for any considerable distance,
or to ascertain the dip with any precision.There is an al-
most entire absence of shaly partings or laminae of clay, so
that the chipstone are comparatively free from the marlyor
clayey matter common in quarries.This is only true of the
lower layers that have not been affected by inwashing from
above, and by the immediate action of the surface elements.
The vertical joints are prominent, and in somepor-
tions frequent, and are usually smooth, and coated with
calcareous and pyritiferous deposits.
The rock is porous and geodiferous; the former condi-
tion being largely due to crinoidal remains imperfectlypre-
served, and the latter perhaps in part to the samecause,
also, the portion removed being the calyx.The material
filling the geodes is chiefly calcite and pyrite, both of which
appear in abundant and beautiful forms.The pyrite takes
the tabular form of crystallization to a large extent, and the
calcite seems to prefer the form known as dog--tooth spar.
Crystals of this an inch or more in lengthare not uncommon.
The rock is quite brittle and sonorous, and presents
a saccharoidal appearance on the freshly fractured surface
of the unweathered layers. A bluish-green, argillaceous
material is found in obscure, irregular partings.440
In fossils, it is far lessprolific than the rock at
the Rapids.
In 1879 the Horlick Brothers,owners of some of the quarries
along the Root River, purchasedthe Vaughn Quarry.
Some time afterward, JohnO'Laughlin (operator ofquarries
in the Chicago area) openeda quarry north of Three Mile Road,be-
tween Hwy. 32 and the railroadtracks.The O'Laughlin Quarrywas
first mentioned by Buckley(1897, unpublished fieldnotes) as having
"a vesicular, hard, bluelimestone." He also describesthe former
Vaughn Quarry (operated bythe Horlicks at thistime) as havinga
hackly, blue limestone withprominent, irregular breakageoccurring
in beds running 2-6 incheswith an occasionalmaximum 30 inch thick-
ness.Buckley also mentions thesequarries in his 1898 workon the
building stones of Wisconsinbut did not describe themindividually.
Alden visited both thesequarries in 1898 and foundthe 0' Laugh-
lin Quarry to be about 50feet deep with approximately3 feet of over-
burden stripped from thebedrock surface.The upper 10-15 ft. (sec-
tion A, Fig. 54) of thequarry was a buff or yellow, thin-bedded
dolomite containing abundantfossils.The lower 30-35 ft.(section B,
Fig. 54) was a blue,massive, irregular breakingdolomite with few
fossils but good crystalsof dogtooth calcite.Pyrite was found in both
units.Alden also recorded geologicunits penetrated ina water well
that was drilled at thequarry site as follows (Alden,1898, unpublished441
field notes):
2' drift
300' Niagara Limestone (Silurian)
200' Cincinnati Shale-blue(Maquoketa)
300' Galena Limestone-streaksof shale
25' Trenton Blue shale
6 0' Sandstone
Alden briefly mentions theHorlick (Vaughn) Quarryas being similar
to O'Laughlin's, but theupper, buff dolomite was only 3-10 feetthick
with the rock seemingvery hard and with fewer fossils thanat
0' Laughlin's.
A photograph of the southhalf of the west wall of theO'Laughlin
Quarry was published by Buckleyin 1903 and was probablytaken
during his Wisconsin fieldworkin 1897.Figure 55 presents two pho-
tographs of the O'Laughlin Quarry.
In 1905 Kindle briefly visitedthese quarries and made thefollow-
ing observations in his unpublishedfieldnotes.The O'Laughlin Quarry
was by far the deepest, rachinga depth of 84 feet.He describes the
rocks in this quarryas follows (Kindle, 1905, unpublishedfield notes):
The bedding is distinct andclear on one side ofquarry but
the rock most places is massiveand there is a slight tendency
to the "reef" structure inplaces that in bedding dipsaway from the massive lumps slightlyat times.Fossils through-
out but scarce, Illaenus ioxus,crinoid heads, etc.
The Horlick (Vaughn) Quarrywas about 37 feet deep and Kindle442
Figure 54.Section in O'Laughlin quarry (locality 9),
at Ives, Racine County.See text for details.
(After Alden, 1898, unpublished field notes. )443
described the rock asa hard, gray dolomite as follows (Kindle,1907,
unpublished field notes):
Fossils common in spots butmost common in upper 1/3 of
beds. Over much ofquarry fossils are very scarce.Large
cephalopods common.
Bedding is slightly irregular--notperfectly horizontal as in many quarries.
A few of the jointsare filled with a tenacious blue
pyritous clay unlike the glacialclay overlying the locality.
Ls. pebbles occur in clay andsome vary from a fraction
to several inches in width.
The walls of suchseams in some are slickenedas if
they had slippedon each other.
E. 0. Ulrich (1914, unpublishedfield notes) briefly visited the
O'Laughlin Quarry and noted thatit was about 100 feet deep (this
depth might be an exaggeration)and also madea crude sketch of reef
structures in one of the walls.
The O'Laughlin Quarry ceasedoperations around this time and
the quarry rapidly filled withwater.The quarry wasone of the deep-
est in southeastern Wisconsin,but it is not known if itreached the
top of the Waukesha beds whichare about 90-100 feet below thesur-
face at this location.Since that time the southernend of the quarry
has been partially filled, buta few feet of typical Racine Dolomite
can be seen above the water level alongthe east and west walls.
Shrock visited the former VaughnQuarry (see Figure 56) in
1931 when it was operatedby the Consumer Company.The quarry
was over 50 feet deep and exhibitedtwo different lithologies, both
within the Racine Dolomite.He describes it as follows(Shrock,444
Figure 55.Photographs of the O'Laughlin quarry at Ives (locality 9),
Racine County.(A) west wall, looking towards the north-
west; (B) looking north along the east wall.Photos
courtesy of the Wisconsin Geological Survey, (A) is
no. 759, circa 1914; (B) is no. 489, circa 1912.445
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Figure 56. Photograph of old Vaughnquarry (Main quarry-Vulcan
Materials Company), looking north,taken in the 1920rs.
Photo courtesy of Milwaukee PublicMuseum, No. 49682.447
unpublished field notes, 1931):
A lower, buff, fine-grained, dense crystalline rock which
is knotty-bedded and has no fossils.Thin and well bedded.
The remainder of the stone is a blue hard cavernous
dolomite containing a great deal of marcasite.The dolomite
is sometimes druzy, or cavernous; sometimes an inchoate
mainly fossiliferous mass and always massively bedded.
The blue phase is abundantly fossiliferous, crinoids and
brachiopods being quite common at some horizons.Highest
beds contain Spirifer.
Dips are somewhat irregular in the quarry.
Rock samples in the Milwaukee Public Museum collections indi-
cate that this quarry had been deepened to the cherty beds of the
Waukesha Dolomite no later than 1946.It probably reached its maxi-
mum lateral extent during the early 1950's.At this time a large num-
ber of fossils were collected in the Racine Dolomite at the old Vaughn
Quarry by local amateur collectors. A large collection of fossils,
chiefly made by J. Montague, is deposited in the Milwaukee Public
Museum.This quarry is currently operated by Vulcan Materials
Company who took over the Consumer Company, and in the early
1970's the lower, more argillaceous portion of the Brandon Bridge
beds were exposed here.
Frest, Mikulic, and Paul (1977) briefly described the main
quarry of Vulcan Materials Company at Ives.Based on 1973 observa-
tions the quarry was thought to consist of about only 50 feet of Racine
Dolomite overlying about 70 feet of the Joliet Formation, including the
uppermost beds of the Brandon Bridge Member. The thickness of the448
Racine is now known to be greater than 50 feet.
Sylvester (1977) made a brief study of the Racine Dolomite in
the old Vaughn Quarry (which will be referred to as the main quarry
in the rest of this discussion) and a small, new quarry west of the
railroad tracks and north of Three Mile Road (referred to as the west
quarry).She assigned all of the beds above the Brandon Bridge (which
she referred to as Byron) to the Racine Dolomite.This included the
65 feet of the cherty, argillaceous Waukesha Dolomite (her Unit B of
the Racine Dolomite).Sylvester's Unit A of the Racine is partially
equivalent to the Racine Dolomite as defined in this discussion, but
she reported only 55 feet of Racine (Unit A) above Unit B, whereas
there is approximately 100 feet of Racine Dolomite above the Waukesha
Dolomite.This discrepancy cannot be accounted for by her different
terminology for the lithologic units exposed in the quarries.Most
of Sylvester's observations on the Racine were based on the exposures
in the west quarry which was then approximately 45 feet deep.
Sylvester also reported a maximum thickness for reefs in the Racine
of only 25 feet, whereas most appear to extend through the entire 100
feet of the unit.She was the first to report a fault with 5-8 feet of
displacement and a southeast-northwest trend along the east wall of
the west quarry.
Mikulic (1977) described both of the operating Ives quarries and
the following description is modified from that information.449
Main Quarry--Vulcan MaterialsCompany (Vaughn), Ives
This quarry exhibits the thickestsection of Silurian rocks in
southeastern Wisconsin withover 200 feet of rock currently exposed
(see Figure 57A).The quarry exposuresare supplemented by a
number of cores which havebeen drilled through thequarry floor and
into the upper beds of theOrdovician Maquoketa Shale.This informa-
tion indicates that the totalSilurian is about 290 feet thickin the south-
west corner of thisquarry; this measurement is close to the300 feet
Alden (1898, unpublishedfield notes) reported for theO'Laughlin water
well, a short distance to thewest.
The Racine Dolomite, WaukeshaDolomite, $randon Bridge
beds, and upper 30 feet of theKankakee(?) Formationare currently
exposed in this quarry.The Racine and most of theWaukesha is
relatively inaccessible, however,because the upper walls of this
quarry are vertical.Quarrying operations in theBrandon Bridge
have been slow as the rock isof poor quality.
An interesting feature ofthis quarry is thepresence of large
depressions and rises in thequarry floor extending down throughat
least the Brandon Bridge.These are a result ofoverlying reef struc-
tures in the Racine Dolomitewhich have depressed theunderlying
units (see Figure 57B). Whenpower shovels were formerly used in
the quarry, attempts hadto be made to blast the floorlevel since it450
was difficult to operate these machines on the sloping surface (Kjell
Oliverson, 1976, personal communication). The distribution of large-
scale depressions in the quarry floor indicate that at least six large
reefs have been completely quarried away; similar depressions have
recently been described from the Silurian of Gotland by Eriksson and
Laufeld (1978).
The following description is based on quarry exposures andcore
information.See Figure 58 for section.
Racine DolomiteThe uppermost stratigraphic unit in the quarry is
the Racine Dolomite which has a thickness of over 90 feet.The upper
surface is an erosional unconformity covered by Quaternary sedi-
ments, so the original thickness of the Racine is unknown.The rock
is generally a light to dark gray, medium- to thick-bedded, crystal-
line, porous dolomite.Bedding is commonly irregular and the rock
contains numerous vugs and cavities.The bedding dips up to approxi-
mately 30 degrees around reef structures, but is relatively horizontal
in non-reef areas. Reefs are relatively common andare up to 90 feet
in thickness and 200 feet in diameter.The reefs are well exposed in
the north, east, and east half of the south walls, butare accessible
along only the east half of the south wall.The reefs are massive in
appearance, highly fossiliferous, vuggy and dark gray, and are sur-
rounded by flank beds which radiate away from their centers.Most
of the fossils reported from the Racine Dolomiteare found in these451
Figure 57. Photographs of the Main quarry-Vulcan Materials
Company at Ives (locality 9), Racine County.(A)
shows the complete exposed section in the Silurian
along the west wall of the quarry; (B) shows a Racine
Dolomite reef depressing the underlying Waukesha
Dolomite beds along the east wall.Photos taken in
1977.A
B
Figure 57
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types of reefs and the faunas hereare identical to those collected at
the Horlick Quarry, 1.8 milesto the southeast.The fossils occur
as internal and external molds.
The contact between the Racine andthe underlying Waukesha
beds is abrupt in the vicinity of thereefs, but may bemore grada-
tional in non-reef areas; unfortunately,this contact is almostcom-
pletely inaccessible at this time.Several different inter-reef units
can be seen in the Racine Dolomite, however, detailedobservations
are lacking because of the inaccessibility of thelower 50 feet of this
unit.The upper 40-50 feet is wellexposed in the west quarry and
will be described later in thediscussion of that quarry.
Waukesha Dolomite.The Waukesha is thin- to thick-bedded,argilla-
ceous, light gray to buff, cherty dolomite.The chert is generally
nodular and increases in abundancetowards the top of the unit.
Bedding planes are occasionallystylolitic and are commonly separated
by very thin green clay partings whichweather black.As mentioned
before, the contact with the overlyingRacine Dolomite may be grada-
tional, but it is sharp in the vicinityof the Racine Dolomite reefs.
The upper 16 feet of the Waukeshais highly cherty, thin-bedded,
white to light gray, crystalline,fine-grained dolomite with little
porosity.The chert is white, nodular andcontains some crinoidal
debris. The chert is white, nodularand contains some crinoidal
debris.These beds are conspicuous in theolder parts of the quarry454
Figure 58. Section through the Silurian at theMain quarry-Vulcan
Materials Company at Ives (locality 9), RacineCounty,
based on exposures andcore information.IVES
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as this unit erodes quickly leavinga noticeable, slightly indented,
light-colored, rubbly band.The Waukesha is poorly fossiliferous
with only a few orthoconic cephalopods,horizontal burrows or trails,
and fine disarticulated pelmatozoandebris being present insome
areas.The underlying contact with theBrandon Bridge is grada-
tional.
Brandon Bridge Beds. The Brandon Bridgeis approximately 42 feet
thick, consisting of thin- tomedium-bedded, finely laminated, light
green to pink, crystalline to argillaceousdolomite.Shaley, argilla-
ceous layers alternate with more crystallinebeds, reaching a con-
spicuous maximum near the middle ofthe unit.The upper half of
the unit becomes less argillaceousand consists of alternatinggreen-
ish, crystalline layers with bedswhich become increasinglymore
Waukesha-like in lithology.The lower half of the unit is muchmore
argillaceous and finely laminated.The highly argillaceous dolomite
to shaley beds in the middle of theunit are dark red in color and
contain layers of abundant horizontaltrails or burrows and some
layers of vertical burrows; dessicationcracks are also present.
Few body fossils are present in thisunit.Specimens of the trilobite
Stenopareia imperator are particularlyconspicuous in the upper beds
and may range up into the lowerWaukesha. A few orthoconic cephalo-
pods, brachiopods, and pelmatozoanstems are also present.The
lower contact of the Brandon Bridgewith the underlying beds isvery457
sharp.
Kankakee Dolomite(?). Approximately76 feet of Silurian rocksare
present beneath the BrandonBridge beds at Ives, but onlythe upper
40 feet are exposed in themain quarry; however, therest is known
through cores in thequarry floor.The best exposure of thesebeds
is in the sink in the northwestcorner of the main quarry.
The upper three feet isa massive-appearing, brown,porous,
finely crystalline dolomitewhich breaks witha conchoidal fracture.
Patches of a light-colored,porous, granular materialare conspicuous
in some places. Aboutten inches below the top ofthis unit are locally
common, disarticulated specimens ofthe brachiopod Pentamerus;
lenticular colonies of the tabulatecorals Favosites and Heliolitesare
also present.The upper surface ischaracteristically smooth and
slightly undulating, occasionallywith small, shallow pits.This three
foot bed is similar inappearance to the Plaines Member of the
Kankakee Formation innortheastern Illinoisas described by Willman
(1973).
The exposed underlying bedsare highly cherty, medium- to
thick-bedded, crystallineto argillaceous, light browndolomite.
Some bedding planes containa variety of brachiopods and other
fossils. Two large lensesof non-cherty, pinkish-brown,vuggy,
massive dolomiteare conspicuous in the northwestcorner of the
quarry, although not as yet wellexposed.The lenses rangeup to458
approximately 60 feet wide and fourand one-half feet thick.They
are poorly fossiliferous, but some halysitidsand pelmatozoan debris
are present. Some of the adjacent and overlyingcherty beds appear
to wedge out against the lenses, butthere appears to be little topo-
graphic expression of theselenses in the overlying beds.These
lenses may represent carbonatebuildups.According to the cores,
the cherty bedsrange in thickness from 22 to 51 feet inthickness.
Beneath this is 25 to 50 feet offine-gfained, light gray dolomite,
with argillaceousseams, to the top of the Maquoketa Shale.The
variation in thickness between thecherty and non-cherty units under
the Plaines does not reflecta variation in thickness of the total Silur-
ian rocks in this interval.
Maquoketa Shale.Approximately 200 feet of the OrdovicianMaquo-
keta Shale unconformably underliesthe Silurian rocks at Ives.The
upper beds of the Maquoketa have been penetratedby cores in the
quarry area. Examination of thesecores reveals that ten inches of
light green shale overlie 14 inchesof maroon shale withcommon
hematitic oolites, which is underlainby 13 inches of lightmaroon
to light brown shale without oolites,followed by typical fossiliferous
shale of the Brainard Member ofthe Maquoketa (Mikulic,1977).The
maroon shale beds appear to be equivalentto the Neda. Examination
of eight core logs show that thethickness and elevation of theNeda
beds are variable.Also, there isa pronounced dip towards the459
southeast and the Nedaappears to be absent in the northeastcorner
and part of the southwestcorner of the quarry.Not all of the cores
were examined for this study and thereis a possibility that the Neda
was overlooked during the originallogging.
West Quarry--Vulcan MaterialsCompany, Ives
The west quarry of the VulcanMaterials Company was probably
started in the 1950's and hasbeen operated intermittentlysince then.
It is located just west of therailroad tracks and the oldO'Laughlin
Quarry and north of Three MileRoad.It is rather small inarea and
had a maximum depth of about45 feet until 1979.It has recently
been connected to the mainquarry by a tunnel, and large-scalequarry-
ing operations have just recentlystarted.The tunnel runs under the
buildings on the north end of theold O'Laughlin Quarry andis ap-
proximately two-tenths ofa mile long; it is constructed in approxi-
mately the lower half of theWaukesha Dolomite.
At least three small faults,all running northwest-southeast,
are present in this quarry andcan best be seen in the east wall about
300 to 400 feet north of ThreeMile Road.The total amount of dis-
placement is approximately 12feet with the downthrowto the south
(Mikulic, 1977).The highest Racine beds inthe area are, therefore,
those in the south wall of thisquarry.These faults do notappear to
be exposed in the mainquarry to the east.460
The flank beds of two small reefs are exposed in this quarry.
One along the south wall in the vicinity of the crusher pit has beds
dipping to the northwest and northeast. A second, in the northeast
corner of the quarry, is not as well exposed but appears to have beds
dipping to the west and south.The beds also appear to dip beneath
this reef strucuter.
Most of the exposures in the quarry are of Racine Dolomite
inter-reef beds with the exception of the flank beds nare the two reefs.
A 44 to 56 foot section of the Racine Dolomite was exposed in this guar
quarry in 1977 and these are the highest beds of this unit exposed in
the Ives area.The following section was measured primarily along
the east wall to the north of the faults.
Unit A.Approximately 16 feet of buff to light brown, thin, irregularly
bedded dolomite becoming increasingly gray towards the bottom.The
rock is porous and occasionally contains small vugs.It is poorly
fossiliferous with disarticulated pelmatozoan columnals of small
diameters being most conspicuous.The bottom six feet are darker
gray, porous, granular and thicker bedded than above.This lower
boundary is gradational with the underlying unit.
Unit B. Eight feet of light gray to whitish, dense fine-grained, non-
porous, thick-bedded dolomite.This unit loses its characteristics
as it approaches the reef in the northeast corner of the quarry where
the rock is darker gray, more vuggy, and massive.461
Unit C .Ten feet of dark gray, extremely vuggy, massive, fine-
grained dolomite. A number of fossils were observed in this unit
including a three foot long orthoconic cephalopod, stropheodontid
brachiopods, and larger pelmatozoan stem sections than in Unit A.
Unit D.This unit is approximately 11 feet thick, extending to the
bottom of the quarry, and is lithologically similar to Unit B.The
upper ten inches is dense, whitish rock underlain by six to fourteen
inches of dark, vuggy rock similar to Unit C.This overlies nine
feet of whitish to light gray, dense, very fine-grained, crystalline,
medium-bedded dolomite.Bedding planes are slightly stylolitic.
In general, the inter-reef beds are poorly fossiliferous (particu-
larly Units B and D), but become more fossiliferous in the vicinity
of the reefs.Small crystals of marcasite and calcite are common
along joints.
The core drilled along the east wall, near the north corner,
shows that there are approximately 90 feet of Racine Dolomite above
the highly cherty beds of the upper Waukesha Dolomite.
Directly south of this quarry (south of Three Mile Road) a small
quarry is indicated on the 2958 South Milwaukee 15' quadrangle.This
is now the site of a construction company with a small "pond" to the
south.No rock outcrops can be seen.462
Horlick Mills Quarries and Exposures
Locality 11
E 1/2, Section 6, T. 3 N., R. 23 E., Mount Pleasant Twp., Racine
Co. MPM x 31.2, x31. 9 (quarries on west side of river)
elevation: 630 feet (top of exposure)
There are a number of old quarries and outcrops along both
sides of the Root River from the Horlick Mill dam south through the
Racine Country Club grounds.Several different quarries were once
opeated in this area including the Hor lick quarries, Beswick's Quarry
and Fox's Quarry. Lapham (1846, p. 123) mentioned that at this
location "the river runs over beds of yellowish limestone, forming
rapids." Since the1850's both sides of the river have been quarried
and the present exposures may be in part artificial.
It is not known precisely when quarrying began in this vicinity,
but in 1853 J. A. Horlick purchased quarry land from Alanson Allen
and started a lime and stone operation (Butterfield, 1879). William
Beswick purchased the Root River Lime Works in 1856 (Butterfield,
1879) which was located south of the Horlick property. Around the
same time Conrad Fox started his quarry which was located on the
east side of the river, north of the Hor lick porperty, near the mill.
Lapham (1851, p. 170) stated that his Unit VII, a soft yellow
limestone, was found near Racine and other points along the Root463
River. And in another early description Percival (1856,p. 70)
mentioned that a fossiliferous rock similar to that around Iveswas
exposed at the rapids of the Root River.
In 1865 Lapham (unpublished field notes) describedan exposure
in one of the quarries (probably Horlick's) at this locality (see Figure
59):
Found there a rock (a) very much resembling the 'geodiferous
rock' at Milwaukee and Wauwatosa, with beds (b) restingupon
it in the same way.The fossils of the two beds are mostly
different, the one is blue (a) hard and irregularly bedded; the
other (b) is yellow and more evenly bedded withnumerous
fossil crinoids etc.
The 'Waukesha Limestone' appears to be absent here.
It belongs between these two rocks--betweena and b.
Numerous large fissures indicate former disturbance
of these rocks; perhaps uplifts.These fissures are filled
with blue (drift) clay.
Some of the layers (b) are porous yellow, withnumer-
ous crinoid stems, like those at Menomonee Falls.
Large quantities of excellent lime is made at these
quarries--some of the layers are used for roughmasonry.
The fissures extend into both kinds of rock--and have
different directions; dip of the layers also irregular and in
different directions in different parts of the quarries.
Lapham's type "a" rock is a reef-core and type "b" is flank rock and
not the different stratigraphic units he considered them to be.
This same reef structure appears to have been described by
Chamberlin (1877, p. 361-362):
At Racine, whence the formation takes itsname, as exposed at
-.at the rapids of the Root River, it is a blue,gray or buff,
brittle dolomite, having a somewhat glossy fracture, subcrys-
talline structure in part, and earthy in part, and contains
many geodic cavities, filled with calcite and pyrite, and some-
time mammillary deposits.Its texture is uneven, being464
Figure 59.Diagram of exposure at the quarriesalong the
Root River in Racine County,probably at the
Horlick quarry (locality 11).Lap ham (1865,
unpublished field notes) attributedthe relation-
ships between (a) and (b)to stratigraphic differ-
ences, but it most likely representsa relation-
ship between reef and flankbeds.See text for
details.After Lapha!n (1865,unpublished field
notes).465
sometimes granular and again brecciated, usuallycoarse
and porous, but sometimes fine and compact.It is fre-
quently stained with iron oxide, and, in places, isquite
pyritiferous, especially in the fissures.The bedding is
also irregular, but usually rather heavy, ranging fromfive
feet downwards.In the south quarry at this point, belonging
to Mr. Horlick, there is a small mound of highlyporous
blue rock, without visible bedding, full of fossils,from
which it doubtless had its origin, after themanner of reef
formation.It is surrounded on all sides by bedded rock.
The dip at this point is varying in amount and direction...
the average dip is to the N.W.,a direction opposite to the
general dip of the formation.Fossils are very abundant,
in the form of imperfect casts.
A plat book from 1887 (Anon.) shows thelocation of some of
the quarries and kilns and also presents sketches ofthe Fox Quarry
and lime kilns; the Horlick Quarry (near the southwestcorner of the
current Quarry Lake); and the Horlick lime kilns (on theeast bank
of the Root River under the present Hwy. 38 bridge)(see Figure 60).
Figure 62 shows photographs of the Horlickquarry area around this
time.
Correspondence between prominent fossil collectors T. A.
Greene and P. Hoy from 1880 to 1894 revealssome geologic informa-
tion at a time when vast nurrb ers of fossilswere collected from these
localities.Reference to the "Blue Mound" appears several timesin
their correspondence due to its highly fossiliferousnature; this mound
seems to have been located in the SW 1/4 of the main Horlick Quarry
on the east side of the river, but has since been quarriedaway.The
letters also indicate that Beswick's Quarrywas not being worked and466
Figure 60. Map from 1887 plat book showing location of quarries,
kilns, and residences along the Root River, Racine
County.(Modified from Anonymous, 1887.) Main
Horlick quarry (Quarry Lake Park) north of J. A.
Horlick's house on the east side of the Root River is
not indicated; the quarry was present at that time be-
cause it was illustrated on an accompanying lithograph
in the plat book.Horlick
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Figure 61. Photographs fromthe Horlick quarryarea (locality 11)
Racine County circa 1880's.(A) shows quarry west of
Root River, north of QuarryLake Park, looking north
toward Horlick Mill along theRoot River; (B) looking
north along the west wall ofthe main Horlickquarry
(Quarry Lake Park).Photos courtesy of Richard
Horlick, Racine, Wisconsin).A
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the quarries around Ives andFox's Quarry were notvery fossilifer-
ous.Most of the fossils collected byGreene and others came from
the quarries close to theriver, on either bank, in thevicinity of the
southern end of Quarry Lake.
Buckley (1897, unpublished fieldnotes) described the quarries
in this area stating that theFox Lime and Stone CompanyQuarry was
about 50 feet deep with the rockthicker-bedded at the bottom thanat
the top, and very vesicular.The Horlick Lime and StoneCompany
Quarry was large, but only 23feet deep, and Buckley observedthat:
iron pyrites and marcasitewas very plentiful along the
seams and weathering out stains thestone brown.Fossils
are very abundant throughout all the rock.The natural
surface of the rock is pittedfrom top to bottom with holes
of all sizes up to two inchesacross... The beds dip in this
quarry a little to S.W.
In 1898 (p. 327-328) Buckley brieflydescribed these quarries based
on these field notes.
Alden (1899, unpublished fieldnotes) presented amore detailed
description of these quarries andexposures:
In sec. 6 the banks of the channelshow very much lime-
stone in fragments until the rockbeds begin to appear.
Just at the middle sec. line isthe large quarry of the
Horlick Lime & Stone Co.on both sides of the stream.
Here the rock is exposed in 10to 20 ft. sections.It is
thin-bedded with thesame characters as seen in Fox's
Quarry north of the road at themill.The stream runs in
a little rock gorge south as faras the quarries, below the
dam. South of thequarry the rock drops down rapidly and
is not seen except as indicatedin the channel of the stream.
To the west the till surfacerises quite rapidly.
At the old quarry in thewest side of the river the rock471
shows but poorly developed bedding.It is mostly massive.
Towards the top it inclines more to buff in color andvery
loose open texture where exposed to weathering, but below
it is a hard gray dolomite more or less crystallinein charac-
ter with abundant pores and little cavities.The rock is
highly fossiliferous.There has been more or less quarrying
along both sides of the river northward to the dam. Indeed
it seems quite notable that the gorge is largely artificial.
Much pyrite shows up on the vertical facies.Quite numer-
ous vertical fracture faces are seen through the rock. At the
dam and in Fox's Quarry the rock shows muchmore bedding
sloping out in 3 and 4 inch layers of ratheruneven surface.
At Fox's this is much used for buildingpurposes. Probably 2/3
of this output goes for building and the rest for lime and
crushed stone.The bedding has a gentle southward dip.
Horlick Quarry is very large and shows about 20 ft.
section.In general the bedding is notvery well defined
except on the east where more or less defined bedding lines
run through the mass and dip to southwest at angle of about 7°.
The rock in general is hard gray crystalline dolomitewith
abundant small cavities, many due to fossils of whichonly
casts remain.There were some regular joints or fractures
giving vertical faces or slightly inclined from the vertical.
There is really an anticlinal fold with the axis throughthe
middle of the quarry.In NW part dip is 10°W43°N and SE
part dip is only seen over the axis at the pitching fold of 7°
about 835°W.
In the early 1900's the Horlick quarrieswere purchased by the
Consumer Company and were operated by them until the early 1930's
(William Horlick, 1977, personal communciation).
In 1921 Whitbeck (his Fig. 15) publisheda photograph of the
northern kilns on the east side of the Root River at thesite of the
current Hwy. 38 bridge.See Figures 62 and 63 for photographs of
Horlick quarry from this time period.
Shrock (1930, 1931, unpublished field notes) describedthe
main Horlick Quarry (see Figure 64) just priorto cessation of472
Figure 62. Photograph ofthe main Horlickquarry (Quarry Lake
Park), looking south alongeast wall, Racine County
(locality 11).Circa 1920ts.Photo courtesy of Milwaukee
Public Museum, No. 49684.Figure 62474
Figure 63. Photographs of main Horlick quarry (locality 11,
Quarry Lake Park), Racine County.(A) shows center
of west wall, circa 1920's (photo courtesy of Wisconsin
Geological Survey, No. 2461); (B) shows center of east
wall exhibiting reef flank beds dipping to north (left),
circa 1920's (photo courtesy of Jerry Walsh, Racine,
Wisconsin).475
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Figure 64. Section in the main Horlick quarry (Quarry Lake Park,
locality 11) after Shrock (1931, unpublished field notes).
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quarrying operations; he alsodescribed the Fox Quarry whichwas
already partially filled withwater. He gave the followingsection for
the main Horlick Quarry:
Bed 1.Cream colored, slightlyporous, dense crystalline
dolomite in beds averaging 4"-12"thick.Breaks
semi-conchoidally into irregularblocks.The bedding
planes are knotty.Ten feet exposed only in lowest
cut, and is distinctly separatedfrom darker, more
cavernous dolomite above.
Bed 2.Dark gray to blue mottledcavernous dolomite without
any very distinct bedding. Many of theholes, are
partly geodized, andsome, several inches across,
are filled with gray clay.The rock has a hackly frac-
ture and varies considerably intexture, some spots
being coarsely crystalline andgranular, and porous;
other parts (the main groundmass) a little lighter
colored and very dense andcompact.Fossils are
common only above second level..52 feet from first
floor to second; 21 feetMore to base of slabbyvery
fossiliferous beds.
Bed 3.Thin-bedded (3"-6") buff,weathered dolomite con-
taining many fossils.Mottled in some places. Some
of this rock has smootheven texture, and some hasa
very open porous granular texture. Someis an inchoate
mealy mass of blue, muddyrock composed largely of
small fossils. Many of thelarge blocks are veritable
masses of crinoid stems and calices.
In this bed, as in Bed 2, thereare many parallel
rows of holes.These holes are parallelto bedding
and on the weathered surfacegive the rock a verycav-
ernous appearance.Bedding is brought out best by
weathering. Somewhat undulatoryin quarry.
Also, he mentioned that about15 feet of "thin, slabby,yellowish
dolomite similar to that exposedin the highest beds of thelarge
quarry" were exposed abovewater-level in the Fox Quarry.Figure
66 presentsa more recent airphoto and localitymap of the area.479
Figure 65. Airphoto (A) and locality map (B) of the Horlick quarries
area (locality 11), Racine County. Airphoto from National
Archives and Records Service, General Services Adminis-
tration, No. XC-25-2342, date: 8-12-37.480
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Figure 66.Airphoto of Quarry LakePark (main Horlickquarry),
locality 11, Racine County,looking northeast.Note smaller Horlickquarry on the west side of the RootRiver
on lower lefthand margin of photo,below pond.Photo taken in 1975.482
After abandonment in the 1930'sthe main Horlick Quarry
rapidly filled with water andbecame a pop lav swimming andscuba
diving site.In 1968 the quarry was purchasedby Racine County for
use as a recreation area now knownas Quarry Lake Park (see Figure
67).During construction ofa swimming beach in the park, in 1969,
most of the south quarry wallwas blasted down and water-levelwas
lowered twice (about ten feet in 1969and about three feet in 19751.
The Quarry had been previouslyfilled in and Hwy. 38was rerouted
over the quarry site.The northern part of the oldHorlick Quarry on
the west side of the riverwas covered in the early 1970's, but the
rest of this quarry is essentiallyunchanged from the time quarrying
ceased at the turn of thecentury, although overgrown. Noquarry is
now known on the former Beswick propertynor is any indicated on
the 1937 airphotos. Avery small quarry was presenta little north
of the Racine Country Clubfootbridge on the west side of theriver,
but this was filled in the early1970's.Most of Beswick's quarrying
activities may have actually been confinedmostly to the river banks,
or the quarry may have been filled priorto 1937 with the exception
of the small quarry by the footbridge.483
J. W. Peters & Sons Quarry (Warren Pit)
Locality 12
A small quarry has been opened within the lastfew years on
the west side of Hwy. 43, east of the Fox River, 1.1miles southeast
of Burlington in Racine County.This quarry exposes a section in the
Brandon Bridge beds, showinga similar lithology to that exposed in
the main quarry at Ives and formerly in thePeters quarries west of
Burlington, Walworth County.484
WAUKESHA COUNTY
Waukesha County containsmore exposures of Silurian rock
than any of the surroundingcounties (see Figure 67).The Silurian
here ranges fromzero feet in the western one-third andsoutheast
corner of the county where it has beenremoved by erosion to 470
feet.Because of the overall dip of thePaleozoic rocks to the east,
the Silurian rocksare increasingly younger in that direction.The
Quaternary sedimentsvary considerably in thickness andcomposition
throughout the county.The southern end of theNiagaran Escarpment
outcrops in Eagle and OttawaTownships, marking thewestern edge
of the Silurian in thisarea.Surface exposures of Silurianrange from
the basal Silurian in thewest to Racine Dolomite in theeast and north-
east.In contrast to theoccurrence of rock exposures in Milwaukee
and Racine Counties, thereare few bedrock exposures along rivers
and streams with the majorexception being the outcropsalong the
Menomonee River at MenomoneeFalls in the northeasterncorner
of the county.The bedrock is close to thesurface over a widearea,
primarily in a belt running fromsouthwest to northeast through
Pewaukee, Lisbon, and MenomoneeFalls Townships.
Numerous quarries have been openedin these areas because of
the ease with which high qualitybuilding stone (Lannon Bedsof the
Racine Dolomite)can be quarried; however, most of thesequarries485
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Figure 67.Locality map of Waukesha County showing numbered
localities discussed in text.Diagonal lines indicate
areas where Silurian has been eroded through to
Ordovician bedrock.4 a6
are small and shallow.Loerke (1978) has given a good account of
quarry history in Waukesha County.
Since there are numerous exposures in this county not all will
be described in detail in this study, particularly those in Genessee,
Lannon, and Sussex.Large quarries are currently operated north
of Waukesha and at Sussex and the section exposed in those places
as well as supplementary core information provide a complex sec-
tion through the Silurian.
Eagle Township
Localities 13-16
SW 1/4, Section 10, T. 5 N., R. 17 E., Eagle Township, Waukesha
County.
locality 13
elevation: 900 to 960 feet
Chamberlin (1877, p. 342) described the exposures around
Hinckley's quarry as part of his description of the Mayville beds.
Overlying the Maquoketa Shale (Ordovician) he found four feet of:
thin bedded, impure magnesian limestone, having aneven
fracture and light, yellowish gray color, blotched with
green in places, especially between the layers... Above
these are nine feet of thicker bedded limestone ofcoarser
and more irregular texture, and marked by walnut-sized
cavities, lined with yellow granular matter.These beds,
when exposed in natural ledges, as they are in the vicinity,
weather to a very rough, ragged exterior, due to the irregu-
larities of their structure.Chamberlin gave the following faunal list from thislocality (1877,
13340):
Stromatopora concentrica
Favosites niagarensis
Zaphrentis, und. sp.
Orthis res. 0. hybrida
Leptocoelia planoconvexa
Ormoceras, prb. 0. vertebratum
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Alden (1898-1900, unpublished maps)showed the location of a
quarry (locality 13) along the bluff straight west of CountyHighway
GN on a geologic map of the Eagle Quadrangle.
In 1930 Shrock. (unpublished field notes)visited the area and
found a small quarry in the NE 1/4, NW 1/4,Section 10, just across
the road from the Hinckley farm.It has been operated by the county
in previous years, but was abandoned at thattime.Shrock also noted
that a low bluff exposing similar bedsextended south through the SW
1/4 of Section 10, indicatingthat Hinckley's quarry had probablybeen
located in that vicinity.This outcrop extends approximatelyalong
the 900 foot contour on current topographicalmaps. Shrock measured
the following section in the countyquarry across from the Hinckley
farm (not the Hinckley quarry):
Drift .10+ feet
Bed 1.Bluish-gray to buff, druzyor cavernous granular
dolomite. Weathers to avery rough, pitted or cavernous
surface. Massive with irregular beds.These same beds
are found jutting out along the low bluff southwest of the
quarry and there form great blocks of float,some stand-
ing vertical while others have moved downthe slope on488
the underlying shale and now stand in all positions.
The surface is pitted with cavities and the rock is
saccharoidal uneven texture 11 feet
Bed 2.Dense, fairly even-textured, fine crystalline dolomite.
Gray mottled with buff 1.5 feet
Covered interval; contact with Maquoketa Shale marked by
seeps.
Alden (1899, unpublished field notes) mentioned a roadcut of Niagara
limestone in the middle of the E 1/2 of the N line, Section 16, T. 5 N.,
R. 17 E., which is a continuation of the outcrops found in Section 10.
He (1898-1900, unpublished maps) indicated limestone knolls (1899,
unpublished field notes) in the E 1/2, Section 24, along Jericho Creek
(locality 14); outcrops along County Highway X (locality 15), just east
of the railroad tracks, N line, NE 1/4, Section 12, T. 5 N., R. 17 E.;
and slight outcrops (1899, unpublished field notes) of Niagara lime-
stone in the low area northwest of the railroad tracks in the NW 1/4,
Section 6, T. 5 N., R. 18 E., about a mile west of North Prairie
(locality 16).
Ottawa Township
Localities 17 and 18
T. 6 N., R. 17 E., Ottawa Township, Qaukesha County.
elevation: 900 to 960 feet
In 1860 Hale (unpublished field notes) observed that a westward-
facing bluff of Niagara limestone was found running through Sections489
11,14, 22, 27, and 34 of Ottawa Township (locality 17).Hall (1862,
p. 61) made reference to Hale's discovery of this outcrop, which Hall
referred to as the southernmost exposure of "the ridge" (Niagaran
Escarpment) which at this locality extends for five miles ata maxi-
mum elevation of 35 feet.
Lapham (1873, unpublished field notes) noted that:
Limestone is extensively quarried somewhere in the town
of Ottawa, (much used for stone fences) character similar
to that of Delafield.I found it in place in the bed and north
bank of a creek in the road between Sections 13 and 14 in
Town 6, Range 17.It is noted by the Government Surveyors
on the line between Sections 11 and 14.The rock is here
quite similar to that of Delafield and may be of thesame age.
Chamberlin (1877, p. 342-343) mentioned outcrops of the May-
ville in Sections 11 and 14 of Ottawa Township, which he statedwere
...characterized by conspicuous nodules of white chert,
which are very abundant in some layers.
At Hunter's quarry (Sec.11, S. E. qr., locality 18),
the lower three feet exposed in a moderately hard,com-
pact, gray, magnesian limestone, marked with iron stains.
Upon this lies a somewhat peculiar shaly layer, whichmay
be described as chipstone imbedded in a clayey material.
Above this are two and a half feet of more solid rock, the
upper portion of which is cherty.This is overlaid by another
shaly, or chipstone layer, similar to that below, but cherty;
and this in turn is surmounted by a few rotten buff layers that
complete the exposure.The two chipstone layers are worthy
of note, as they may be recognized more thana hundred miles
to the northward.
Alden (1898-1900, unpubli shed maps, Eagle Sheet) showedan
outcrop in the bluff throughout the area mentioned by Hale (1860,un-
published field notes).This exposure approximately follows the 900490
foot contour in this area, which approximately marksthe Ordovician-
Silurian contact.Alden reported that the outcropswere occasionally
40 to 50 feet high.He also described the former Hunterquarry (NW
1/4, SE 1/4, Section 11) (1899,unpublished field notes):
Here Mr. Edward Schultz, formerly Huner Estate,quarry
exposes nearly 15 ft. face half way up the slope.The beds
are nearly horizontal and considerably broken up.Courses
thicken to 6-8 inches or 10 inches.The upper half of the
strata are very cherty, very uneven in structure, splitting
irregularly.Below these are three quite even grained
courses and below again are irregular chertycourses.It
is the Niagara limestone as seennear Pewaukee lake.
In addition, Alden indicated small quarries in NE 1/4,SE 1/4, Section
14, and SE 1/4, SE 1/4, Section 11on his unpublished map of the Eagle
Sheet (1898-1900).
Shrock (1930, unpublished field notes) measuredthe following
section in a low bluff along County Highway C at thecenter of the E
line, Section 14, T. 6 N., R. 17 E.:
Gravel and drift 5+ feet
Buff dryzy, irregularly bedded dolomite.Has a pinkish
cast when weathered.Surface rough and ragged
40 inches
Buff, granular dolomite with chert. OOOO >, 8 inches
Buff, granular dolomite 8 inches
Irregular-bedded dolomite with chert 11 inches
Hackly dolomite with chert at top 13 inches
Fine grained dense dolomite with chert layers23 inches491
Massive druzy dolomite with some chert. . 39 feet
Genesee Township
Localities 19-25
T. 6 N., R. 18 E., Genesee Township, WaukeshaCounty.
elevation: 800 to 860 feet
There are numerous small bedrockexposures in Genesee Town-
ship, particularly in the SE 1/4.The first mention of the quarries in
this vicinity is made by Lapham (1844,p. 64-65) who stated that "very
beautiful grave-stones are manufactured fromstone quarried in the
town of Genesee."
Loerke (1978, p. 8) mentioned that in the early 1840'sSilas
Remington operated a quarry in thisarea which was later purchased
by William Johnston.
Hale (1860, unpublished field notes) visited the quarriesoperated
by Stephen Say les, Patrick Lee, and William Johnson(sic).He gave
the location of Say les' quarry (locality 19)as Section 25, T. 6 N., R.
18 E., and noted that it was excavated in the Waukeshabeds on the
side of a hill, the hill being capped by "an outlierof Racine not more
than 1/2 mile extent."
Chamberlin (1877, p. 359) described Johnson'squarry (locality
20) as follows:
Johnson's (sic) quarry in the town of Genesee,presents a
vertical exposure of more than 25 feet, ofa beautiful white,492
fine-grained dolomite, in beds of 20 inches thickness and
less, having an eastward dip of one foot in sixty.Near the
base a layer possesses the mottled color anduneven texture
above described.Fossils are rare in this location. A few
rods distant on the opposite side of the road,a quarry dis-
plays very similar beds, but they are rathermore porous
in general and abound in.chert in certain layers which is
rare or absent at the former locality.They are also more
fossiliferous, though not abundantly so.The following spe-
cies were collected: Of Crinoids, Caryocrinus ornatus,
Eucalyptocrinus crassus, and E. coelatus; of Brachiopods,
Orthis flabellula, Spirifera plicatella, Atrypa reticularis,
Rhynchonella indianensis; the Gasteropod, Platycostoma
niagarense; of Cephalopods, Orthoceras annulatum, 0. alienum,
0. columnare, 0. medulare, 0. n. sp., Cyrtocerasorcas,
Gyroceras hercules, and the Trilobite, Illaenus ioxus;a fauna
very closely resembling that of Pewaukee.
In the rise of the hill, immediately to the east, the
typical, yellow, coarse-grained Racine limestoneappears,
as it also does in the adjacent ridge on the south.It is
probable that many of the prominent hills in this regioncon-
tain a core of Racine limestone; though deeply overlaid by the
almost universally prevalent drift.
Buckley (1898, p. 312-315) described both the Genesee Quarry
Company and Lee Brothers quarries, the first havinga depth of about
30 feet and the latter about 15 feet.
Alden (1899, unpublished field notes) visited thequarries in
this area, including Lee's quarry (locality 19) (middle ofE line, Sec-
tion 16) and the Genesee Quarry Companyqaurry, formerly the
Johnston quarry (locality 10) (NW 1/4, SW 1/4, Section 24),as well
as a small exposure in NW 1/4, SW 1/4, Section 22.Overall, he
found the rock to be quite close to the surface in thisvicinity. A
number of small stone quarries had been opened in rock whichwas
generally horizontally-bedded, even-grained, light buff colored493
dolomite with some chert beds and few fossils (mainly orthoconic
cephalopods). Alden (1918) indicated outcrops in SW 1/4, Section 31
(locality 23), just west of North Prairie (Buckley, 1898, p. 315, men-
tioned a small abandoned quarry owned by William Zunker at this same
location).
Shrock (1930, unpublished field notes) described a number of
quarries and exposures in Genesee Township, including a small
quarry (MPM x 33.5, locality 24) in SW 1/4, Section 24, just south-
west of the intersection of State Highway 59 and County Highway XI, at
an elevation of 840 feet, which exposed approximately 14 feet of well-
bedded, light gray dolomite with abundant chert nodules in the lower
part of the section.Just to the east of this quarry, at the top of the
hill, on the south side of State Highway 59, he found a highly fossili-
ferous granular, porous dolomite which he wasn't sure was a bioherm
or a continuous bed.Shrock also described exposures on the north-
east bank of Rippling Brook in SW 1/4, NE 1/4, Section 25 (locality
25).In the northeast corner of Section 26 (locality 19), ShroCk re-
ported three small quarries having a composite section of 24 feet,
the entire section being cherty, light gray, thin-bedded dolomite.
He found a number of orthoconic cephalopods in these quarries. On
the northern side of State Highway 59 he visited an abandoned lime
quarry (MPM x33.3, elevation 840 feet) along the N line of SW 1/4,
Section 24 (locality 20), which was partially waterfilled and had less494
than one foot of overburden; this was the old Johnston quarry (see
Figure 68).The top of the hill at this site is presently being quzrried
by the R. T. Stone Company for building stone and exhibits ten feet
of rock.The lower part of the old quarry is not being worked and
most of the wall described by Shrock has been covered with waste from
the current operations.The rock exposed is a well-bedded, fine
grained, non-porous dolomite.Three to four foot long orthoconic
cephalopods are the most common fossils althougha few large cranidia
and pygidia of the trilobite Bumastus cf. ioxus are also present.
Buckley (1898, p. 315) mentioned a small abandonedquarry
(locality 23) at North Prairie, and Alden (1904, unpublishedmap,
Eagle Sheet) indicated on abandoned quarry just west of North Prairie
and north of State Highway 59.
College Quarries (Cook)
Locality 26
SE 1/4, SE 1/4, Section 3, T. 6 N., R. 19 E., Waukesha Township,
Waukesha, Waukesha County.
MPM x37. 26
elevation:840 to 850 feet (top of bedrock)
There are old quarries located along the northward-facing hill,
south of the railroad tracks, north of College Avenue,on both sides
of Centre Street on the Carroll College Campus (see Figure 69).This495
Figure 68. Section and diagram in theold Johnston quarry (locality
20), Genesee Township, WaukeshaCounty. Diagram
shows two small carbonate buildupsin the north wall of
the quarry. After Shrock (1930,unpublished field notes).
See text for details.15+
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Figure 69. Quarries at CarrollCollege (locality 26), Waukesha
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is the location of the type section of the Waukesha Dolomite and
formerly exhibited the contact between the Waukesha and overlying
Racine Dolomite.Only a small part of the west quarry is still visible
along Centre Street on the east side of the athletic field.The quarries
at this location originally were opened in the 1840's (Loerke, 1978,
p. 8) and operated until 1890; T. D. Cook had retained at least part-
ownership of the quarries throughout their years of operation until
1871 when they were sold to Hadfield and Wilkins.(See Loerke,
for details of quarry ownership.)
Descriptions of these quarries presented by Chamberlin, Alden,
Kindle, and Shrock are detailed in the sectionon the Waukesha
Dolomite.
In 1964 William Brown (1979, personal communication),a local
fossil collector, reported having seen cherty Waukesha beds exposed
in an excavation for a gym at Carroll College; he founda few large,
poorly preserved orthoconia cephalopods.
Locality 27
NW 1/4, Section 6, T. 6 N., R. 19 E., Waukesha Township, Waukesha
County.
Alden (1904, unpublished field notes) briefly describedan expo-
sure in Section 6, showing rock was slightly exposed at a spring and
found to be thinly covered in the slope.500
Delafield Township
Localities 28 and 29
SE 1/4, SW 1/4, Section 17, T. 7 N., R. 18 E.,Delafield Township,
Waukesha County
elevation: 900 feet
Lapham (1873, unpublished field notes) describeda quarry
(locality 28) on the south side of Nagawicka Lake:
A limestone quarry has been opened in thetown of Delafiled...
just where Bark river leaves Nagawicka Lake.It makes a
rough building stone; has some partly decomposedchert;
though no fossils were found by which to identify itsage, it
probably belongs between the Galena and the shales belowthe
Niagara.Depth opened 8 feet.
Chamberlin (1877, p.343) mentioned that two shalylayers which
he thought characteristic of the Mayville Dolomitewere present at the
quarry near Delafield.
SE 1/4, NE 1/4, Section 20, T. 7 N., R. 18 E.
Lapham (1873, unpublished field notes) describeda quarry
(locality 29) located on a westward-facing bluff inDelafield Township
as follows:
Another quarry more recently opened formanufacture of
lime, is half a mile south of thesame lake (Nagawicka
Lake)... Graham and Audley, proprietors. Herethe layers
have considerable thickness and there isan unusual abundance
of chert... which being partially decayed givesit a chalky
appearance.Drift striae here have the unusual directionof
east and west instead of northeasterly. The rock isyellow and501
may have the age of the Galena Limestone though no fossils
could be found.
Chamberlin (1877, p. 343) in his discussion of Mayvilleoutcrops
described this quarry as follows:
At Audley and Graham's quarry...a few layers of dark
gray, crystalline limestone, containing much chert,are
burned for lime.
He also presented the analyses of the chemical composition oftwo
rock samples from this quarry (p. 338-339).
Shrock (1930, unpublished field notes) could not locate thequarry
at this locality, but he did fina an old lime kiln anda partially filled
pit which he believed to be the site of this oldquarry.
Exposures and Quarries in the Vicinity of the
Roberts Quarry, Pewaukee Lake
Localities 30 and 31
T. 7 N., R. 18 E., Delafield Township, Waukesha County.
In a letter of June 28, 1850, Lapham reported that:
Near the S. E. corner of Section 23 we discovereda quarry
(locality 30) of limestone which proved to be quite similar
to that at Waukesha.It is regularly stratified, very hard,
white, destitute of fossils, and lies atan elevation of 30 or
40 feet above Pewaukee Lake... It ison the land of D. W.
Kellogg, Esq.
Later in the same year he visited thissame quarry and found that a
well had been drilled to a depth of 50 feet below the"limestone, " and
that layers of limestone and clay similar to that foundin the first eight502
feet of the well were encountered (see Figure 70).He also mentioned
that a "half mile north of Roberts there is a limestone cliff from which
large masses have fallen leaving large openings and crevices, called
caves." He attributed the caves to erosion of the underlying clay.
Chamberlin (1877, p. 317) described the Maquoketa beds which
underlie the Silurian at Roberts quarry. He Mentioned that the shaft
that was drilled in the bottom of the quarry was made in search of
coal.He also (p. 343) described the Silurian rocks here as part of
the Mayville beds, observing that the rock was "more close textured
and siliceous" than exposures to the south and west, and that "the
chert is more distinctly arranged in layers along the bedding joints.
The exterior of the layers is buff while the interior is blue.
Buell (1882) described the bryozoan fauna of the Maquoketa beds
at the Roberts quarry from collections made by the Wisconsin Geo-
logical Survey.
Alden (1899, unpublished field notes) described the outcrops and
quarries in the vicinity of Roberts quarry as follows:
At the middle of the west line of Section 24 on Mr. Henry M.
Johnson's land, ledges of limestone outcrop in the south
slope.The outcrop continues southwest along the slope into
Section 23, SE 1/4, to Mr. Wm. Jones' land where there is
a small quarry.These ledges are much weathered and split
up into irregular thin shelving layers from 1/2 to 3 inches
thick.The great blocks are much disturbed and cut up by
open joints, as in a driftless region. Above and to the north
is a coating of till but these ledges give no evidence of glacia-
tion.Where the rock is freshly exposed in Jones' quarry,
the strata are horizontal and undisturbed, though cut byJOHN ROBERTS QUARRY,
DELAFIELD TWP.
AfterL A. Lapham (1873)
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70.Diagram showing exposures at the Roberts quarry (locality 30), Waukesha County.
After Lapham (1873, unpublished field notes).504
joints at intervals.The beds thicken from the top downward
to 18 or 20 inches.These thicker ones split readily.Two
or more lines of chert nodules run continuously across the
quarry. About 12 or 15 ft. is exposed in the rock face.In
the lower part of the section are horizons witha gray to drab
and grayish purple color.The strata have generally rough
surfaces.Though I can find no fossils I have no doubt that
this rock corresponds in position as in character to that at the
uppper Waukesha quarry and at the Genesee Quarry Co.'s near
Saylesville.
Allen (1904, unpublished fjeld notes) observed theexposures'
(locality 30) in the SE 1/4, Section 23 and described themas follows:
Niagara limestone is exposed in bottom of gulley fora few
rods west of the raod. East of the road 5 ft.or so is exposed
in the ravine and at Roberts (John H.)quarry 12 ft. is exposed.
It is regularly bedded in .5 ft. to. 9 ft. to 1.5 ft. courses,
cut by vertical fractures 1 to 10 ft. apart... The rock isa crys-
talline dolomite, buff on weathered surface and in thinner parts
and more grayish in fresh face of heavier beds. An excellent
quality of foundation stone may be and has been taken out.
Heavier beds have conchoidal fracture. Some of the layers
in the upper third of the exposure carry nodules of white chert.
Fracture faces run N. 25°W. and N. 59°E.Bedding nearly
horizontal.Surfaces of layers uneven.Lower bed especially,
close even textured, except for some little holes.One of the
joints is filled with dark red clay.I see no fossils except
some cephalopod markings.
Alden observed the same bank of Maquoketa Shaleas described by
Chamberlin (1877) that had been excavated from the bottom ofRoberts
quarry in search of coal.He described the Maquoketa asa fine blue
clay shale which was highly fossiliferous, containingmostly bryozoans
and brachiopods. Alden also visited the Jones' (locality31) (NE 1/4,
SE 1/4, Section 23) at this same timeas descr; ibed it as follows:
Wm. Jones' quarry in Niagara limestoneexposes 10-12 ft.
about same as in Roberts quarry.In upper half are 3 or 4505
nearly continuous bands of chert. Where seenon surface
of a bed of limestone the layer is continuous through with
frequent holes through it.Not in separate nodules.See no
fossils in the Niagara.In floor of quarry near the west side
is seen some tough blue clay with Cincinnati Shale (Maquoketa)
fossils. Men say it extends up a crevice in the limestone.
Shale said to be about one foot below the quarry floor.Rubble
and foundation stone for local use are taken out.The lime-
stone is buff on weathered surface and buff to gray on fresh
surface.In places slight purplish gray tint.In places pink-
ish or purplish-gray blotches.
Alden also mentioned that ledges of limestoneare exposed in Rocky
Dell, to the east of Jones' quarry, and that these ledges havecrept
down the south slope on the shale.
Alden (1904-1905, unpublished field notes) again visited this
area and reported the following:
In Roberts' quarry (NW 1/4, SW 1/4, Section 24, T. 7 N.,
R. 18 E.) we found fossils of bryozoa, brachiopods, and
one small piece of trilobite taken by an old miner who
was searching for coal from the Cincinnati Shale (Maquoketa).
The Niagara limestone beneath which the shale is found,as
seen in Roberts' and Jones' (just north 1/4 mile) is of grayish
color with some yellow.Along certain horizons there are bands
(1-2 inches thick) extending about thequarry, especially in
Jones'.The limestone is hard and rather brittle, of layers
or strata 4 in. to 18 in. in thickness considerable jointing.
In Jones' quarry we saw the heavy, blue, tenaceous
Cincinnati Shale (Maquoketa) which has the character ofa
heavy blue clay.Just west of Jones' quarry 10-20 rds. Rocky
Dell.Successive ledges of limestone have moved downslope
10, 12-20 ft.Show no glaciation, have no streams, hence
weathering as result of jointing, creep of shale beneath.
Shrock (1930, unpublished field notes) briefly describedoutcrops
(locality 30) in the SW 1/4, SW 1/4, Section 24 (MPM x38.4) exposed
both in a stream below bridge of a north-south raod and inslump506
blocks along the bank of the stream.Maquoketa Shale was exposed
in the stream bed and approximatelya two foot falls had developed in
the stream over themore resistant dolomite.The elevation of the
Silurian-Ordovician contactwas given as 895 feet.He measured the
following section:
Drift, slump and float 1-15 feet
Mayville, even-bedded, fine-grained,fine even-textured,
buff to light brown dolomitic limestonewith layers 2-4
inches thick... Thereare a few sporadic chert nodules,
with some along bedding planes 5+ feet
Richmond, blue shale withmany bryozoans and brachiopods
exposed in stream bed.
Shrock also described the old Jones'quarry (SE 1/4, Section 23,
MPM x 38.3) giving the followingsection:
Thin drift covering 5+ feet
Weathered buff to light blue, dense,even-textured dolomite
in layers 2-4 inches thick, Sporadicchert nodules.Silici-
fied corals. Some stromatoporoidstructure.Porous, sandy,
some cavities.Like beds at MPM x38.5 and x38.6
4 feet
Weathering will break these thickerbeds into 2-4 inch beds
(rock is otherwise sameas above) 4 feet 4 inches
Bluer, evenly-bedded,even textured dolomite used for
building stone, 2-4 inches thick 3+ feet
Shrock also observed that justnortheast of the Jonesquarry in
Section 24:
... beds similar to the top beds in the quarry may beseen
along the low stream bluff.Their weathered surfacesare
very much pitted, feel sandy, and have certainpatches507
which closely resemblestromatoporoid structure but is
apparently some inorganic structure.
The Jones quarry,on the west end of Tumblebrook Country Club
just east of County Highway G andnorth of Interstate 1-94,currently
exhibits approximatelyan eight foot section similar to that previously
described by Alden (1899, 1904,unpublished field notes) and Shrock
(1930, unpublished field notes).The beds are massive at thetop,
cherty in the middle and thin-beddedand argillaceous towards the
bottom.The upper layers containvery fine, scattered pelmatozoan
debris; stromatolites;rare horn corals and tabulate corals.Piles
of weathered Maquoketa Shaleare present on the quarry floor.
Outcrops in Interurban Railway Cut
Localities 32 and 33
NW 1/4, Section 24, T. 7 N.,R. 19 E., Delafield Township,
Waukesha County.
MPM x38. 2
elevation: 900 to 905 feet
There is a low cut along the oldInterurban Railway (locality 32),
just south of County Highway G,along the south shore of Pewaukee
Lake.
Raasch (1927, unpublishednotes) made the following faunal
list for this locality:508
Favosites
Strompatopora
Duncanella
crinoids (joints and fragments of arms)
bryozoa? (tubular fragments)
Stictoporoid sp.
Dalmanella elegantula type (11-12 ribs)
Plectambonites
u.ndet. neotremate?
smooth ostracods
Rhynchotreta sp.
Shrock (1930, unpublished field notes) described this exposure
as follows:
In the interurban cut on both sides of the section line about
5-7 feet of thin-bedded, fine-grained, somewhat argillaceous
dolomite are exposed.The individual bedding planes are
pimply or undulating.Chert nodules occur both within the
individual layers and along the bedding planes.There are
no continuous layers of chert.The rock also comes to the
surface in the field just south of the cut.Appear to be
same beds exposed in the quarry 1/2 mile south.
In 1977 shallow excavations made for sewer construction in
this vicinity and the adjacent NE 1/4 of Section 23 (locality 33) un-
covered a couple of feet of the same kind of rock exposed in the rail-
way cut and the Jones quarry to the south.
Caldwell and Nelson Quarry No. 2-Pewaukee
Localities 34-36
SW 1/4, SW 1/4, Section 10, T. 7 N., R. 19 E., Pewaukee Township,
just east of Pewaukee, Waukesha County.
MPM x37. 36
elevation: 850 feet509
A small abandonedquarry (locality 34) is located on the north
side of the Pewaukee River, justeast of Pewaukee.
Buckley (1897, unpublished field notes)indicated that this
quarry was located about one mile east of Pewaukee,and it was one
of two quarries operated by Caldwelland Nelson in the Pewaukee
area. He described this quarry as follows:
The stone is within a footor two of surface.The upper 4
or 5 feet is not good for much but lime.Below this beds
are found from 3 to 6 and 8 inches in thickness whichare
used for constructionalpurposes.The stone contains
some fossils.It is hard and finely crystalline.It is gray-
ish color on fresh surface but white whenweathered.
In 1934 Shrock (unpublished field notes)visited the quarry and
described it as follows:
In a small abandoned quarry along U. S.Highway 19 on the
north side of road and just east of wherethat highway crosses
the Pewaukee River, about 4 feet ofslabby, gray, smooth-
fracturing dense compact dolomiteare exposed.The house
just east of the quarry is similarto the upper beds at
Pewaukee (MPM x38. 1), both atsame elevation.
This quarry site is located quite closeto the 1979 sewer tunnelexca-
vations along the Pewaukee River.
Loerke (1978) mentioned thata quarry (locality 35) was located
just south of this location in Section 15,belonging to H. M. Mills,
in 1891.
Chamberlin (1880, p. 32) listeda Harlan's quarry (locality 36),
exhibiting Waukesha beds, in Section 12,Pewaukee Township, which
is approximately two miles east of thislocality.510
Johnson Sand and GravelCompany Pit
Locality 37
SE 1/4, NE 1/4, SW 1/4,NW 1/4, Section 25, T.7 N., R. 19 E.,
Pewaukee Township, WaukeshaCounty.
elevation: approximately 850 feet
A low exposure of bedrockwas uncovered approximately ten
to twenty feet below the formerground level in the bottomof the
Johnson Sand and GravelCompany pit, approximately1500 feet north
of County Highway JJ and1750 feet south of the Highway1-94 bridge
over the Fox River. About four feet ofvertical section was exposed
above the water levelon the south side of a small pond inthe bottom
of the pit; no rock could beobserved in the pondor towards the south.
The southern portion of thebedrock exposurewas covered by gravel.
The rock is a lightgray mottled dark gray, fine-grained,crystalline,
very dense, non-porous, hard dolomitewhich weathers paleorange
and occurs in six to eightinch beds with somewhatirregular bedding
planes.Fossils are uncommon andscattered, consisting of mostly
trilobites of which completeor nearly complete specimens of
Calymene predominate. A numberof Eucalyptocrinites-likeroot
systems are also present.These beds are probablyequivalent to
some of the upper beds (RacineDolomite) exposed in theWaukesha
Lime and Stone Companyquarries about one-half mileto the south,
but this has not yet beenverified.511
Outcrops on Shore of Pewaukee Lake
Locality 38
Section 18, T. 7 N., R. 19 E., PewaukeeTownship, Waukesha
County.
elevation: 850 to 860 feet
T. J. Hale (1860, unpublished fieldnotes) reported outcrops
along the south shore of Pewaukee Lake:
...appearing at and below the water level, theyare evidently
the lower part of the Niagara Limestone--heavybedded,
coarse, irregularly stratified, rough and hard, decaying
in cavities.
Alden (1899, unpublished field notes) reportedoutcrops along
the south shore of Pewaukee Lake in Section13, Delafield Twp.
(locality 38) where he listed the following dips:"6 °S. 15° W., 7°N.
1 0°W., 7°N. 1 0°W., 6 °N. 22°E., and3°E 7 °S" at exposures along:
...Rocky Point which just projects into theNE 1/4, Section
13. A few square yards are here exposedrising barely 1 ft.
above the water level.There seems to be a sort of perclinal
dip in all directions but I judge it isa gentle anticlinal fold
pitching gently a little south of east.The rock is an uneven,
irregular textured buff dolomite.
Alden found this rock to be unfossiliferous.
Section 13, T. 7 N., R. 18 E., DelafieldTownship, Waukesha County.
Alden (1899, unpublished field notes)measured dips of 6 °S.
15 °W.,7°N. 10°W.,6 °N. 22 °E.,and 3 °E. 7 °S. at Rocky Point512
(which just projects into the NE 1/4,Section 13) at Pewaukee Lake.
He described this exposure as follows:
A few square yardsare here exposed rising barely 1 ft.
above the water level.There seems to be a sort ofper-
clinal dip in all directions, but I judge itis a gentle anti-
clinal fold, pitching gentalya little south of east.The
rock is an uneven, irregular textured,buff dolomite which
I think must be Niagara limestone thoughI can find no fossil
traces.It looks like the limestone at theupper quarry at
Waukesha.The surface of this is striated wherewater worn.
Siegel's Quarry
Locality 39
NE 1/4, SW 1/4, Section 33, T.7 N., R. 19 E., Pewaukee Township,
Waukesha County.
MPM x38. 5
elevation: approximately 900 feet
There is a small abandonedquarry on the north side of U.S.
Highway 18 on the west side of the city ofWaukesha.
Alden (1904, unpublished field notes)described Siegel's old
quarry in the SW 1/4, Section 33.Approximately eight to twelve feet
of Silurian rock was exposed whichwas "hard gray dolomite of rather
uneven crystalline texture and irregular fracture."He also observed
white chert nodules and noted that therock surfaces were rough and
hackly.In the south part of thequarry floor Alden measured a dip
of 3 °N. 53 °E.513
Shrock (1930, unpublished field notes) reported that this quarry
was about ten feet deep and had about two to three feet of overburden;
he measured the following section:
Till overburden 2 -3 feet or more
Buff, somewhat mottled, druzy dolomite in irregular beds
2-6 inches thick.Numerous irregular flint films and nodules
along the bedding planes. Numerous silicified fossils which
stick out on the weathered surface. 58 inches
Same as below with numerous silicified corals, etc.
Cavernous. Chert contains fossils (Strophonella and
stromatoporoid) 24 inches
Chert as irregular nodules along bedding plane..1 inch
One massive bed of buff, druzy, granular dolomite. Weathers
with a peculiarly pitted rough surface.H. catenularia,
Zaphrentis sp., silicified. 26 inches
A foot or more of rock is in shallow pool.
Locality 40
NE 1/4, Section 17, T. 7 N., R. 19 E., Pewaukee Township,
Waukesha County.
MPM x38.8
A small abandoned quarry is located about one mile east of
Waukesha Beach and south of Pewaukee Lake.
Chamberlin (187, p. 31) indicated that Mayville beds were
exposed in a Goodyear's quarry located in Section 17.
Shrock (1930, unpublished field notes) described this localityas follows:
514
In this small abandoned quarry, several hundred square
feet in area, are exposed some five feet of a light buff
colored, fine-grained, compact even-textured stone in
layers 3-5 inches thick.The bedding is even.Mr. W.
Fieldhack stated that the quarry had last been worked 15
years ago, and when worked was about 10 feet deep.
Waukesha Lime and Stone Company Quarries
Locality 41
S 1/2, Section 26, T. 7 N., R. 19 E., Pewaukee Township, Wuakesha
County.
MPM x37. 8, x37. 9, x37. 10, and x37. 11
elevation: 840 feet
Several quarries are located along the east and west sides of
the Fox River, just north of Waukesha (see Figure 71).The Hadfield
Company operated some of the quarries on the west side of the river
from 1873 until 1891 (Loerke, 1978, p.16), and the quarries on the
east side of the Fox River have been primarily operated by the
Waukesha Stone Company.
Lapham (1873, unpublished field notes) mentioned the quarries
along the Fox River above Waukesha as having few fossils and the rock
being in flat even layers. He stated, however, that "the upper quarry
(above the bridge) yields rock that breaks into irregular fragments- -
not suited for building purposes--but is used for making lime."515
Figure 7Airphoto (A) and localitymap (B) of Waukesha Lime
and Stone Company quarries(locality 41), Waukesha
County. Airphoto from SoutheasternWisconsin
Regional Planning Commission.A
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Chamberlin (1877, p. 357-358) described thearea as follows:
...at the lime ki lns, two miles above Waukesha, a fine
display of the Racine limestone reposing upon similar
cherty flags, which forms the sole of thequarry.The
transition is accomplished in a manner precisely similar
to that described (quite abrupt).
In the road, south of this quarry, the porous Racine
rock appears, but one hundred yards beyond, and at the
same elevation occurs a light colored, hard, compact,
close-grained, subcrystalline dolomite, resembling closely
the Waukesha flags, except that chert is absent. A few rods
further, a quarry has been opened, exposing these strata
more satisfactorily.In addition to the close textured rock,
there are layers of mottled blue and white color, and irregu-
lar, lumpy structure, such as are associated with theeven,.
bedded rock in the vicinity of the Niagara reefsnear Milwaukee.
Several openings follow at short intervals, including the main
quarry of Mr. Hadfield, all of which exhibit the same charac-
ter.This is also true of the several quarries on the opposite
side of the Fox river.I have elsewhere demonstrated that the
coarse, open-textured Racine limestone graduates horizontally
into a precisely similar compact rock, and am therefore in-
clined to consider the weight of evidence as favoring the
conclusion that such is the case here.In this view, the flags
and thicker even-bedded rock, on either side of the Fox .river
above Waukesha, would be regarded as belonging to the Racine
beds, being the stratigraphical equivalents of thecoarse-
grained Racine layers.The only undoubted members of the
Waukesha beds are, then, the cherty flagsnear the college
and at the kiln.
Buckley (1897, unpublished field notes) visited the quarries in
this vicinity and stated that the Hadfield Company "has atone time
operated three openings." The first opening, probably the northern-
most, was extensively worked for lime and was about 20 feet deepat
the time of his visit, with a large floor area; strippingwas light.
He described the rock as "hackly, very fossiliferous limestone" and
"very much fractured, " with joints running N. 70 'W. and N 15°E.518
The second openingwas situated a short distance south of the first
and was operated for crushedstone.It was not very large and the
face was partly covered with talus.The rock here was thin-bedded,
badly broken, and correspondedto the rocks in the third opening,to
the south.This last opening was extensivelydeveloped and furnished
a large quantity of dimension stone until thecompany went into re-
ceivership in 1892.This quarry was partly floodedat the time of
Buckley's visit with 27 feet of rockexposed above the water level.
None of these quarrieswere operating when Buckley visited them.
The Waukesha Stone Companyquarry was also visited by
Buckley in 1897 (unpublished fieldnotes).This quarry was operat-
ing on the east side of the river.He noted that stripping ranged
from five_ to eighteen feet at thewest end of the quarry and thatit
probably would increase back intothe hill (towards the east); the
quarry was 34 feet deep at this time.In 1898 (p. 309-311) Buckley
presented a description of thisquarry based on his earlier visit.He
observed that:
The thickness of the beds variesfrom 3 to 22 inches.The
joints strike about N. 40°E.,N. 40°W., and N. 70°E.,
and occur at sufficient intervalsto permit any reasonable
dimensions being quarried.The color of the stone differs
in the different beds.The color of certain beds islight
buff, while others havea bluish tone.The stone is finely
crystalline, and largely free fromimpurities. No drusy
cavities or chert were observed.Occasional black or
brownish flecksare the only noticeable imperfections.
Alden, (1899, unpublished fieldnotes) described the quarries in519
this vicinity.On the west side of the Fox Riverin SW 1/4, NW 1/4,
Section 35, T. 7 N., R. 19 E., he foundthin-bedded outcrops of
"Niagaran" beside the road atan elevation of 810 feet.Just north
of this was the Hadfieldquarry in which he observed the "rock is well-
bedded with dip of 3°S. 19°E.There is a system of joints running
S. 27°E. also S. 36 °E., dip 5.9° andS. 40°W., beds dip 4°S. 25°E.
He also noted that there was 25 to 30 feetof drift over the bedrock
surface and that:
the rock here reachesan elevation of 20 feet above the CM &
SP railway about 25 feet above theriver or about 83 0- 835
ft. AT. The rock beds showno disturbance and are but little
fractured.The strata thicken downwardso blocks over 2
feet thick can be removed. About 20-25 feetsection is exposed
above the water in thequarry.
He also examined the Waukesha StoneCompany in Section 35 on the
east side of the river in thesame year, where he found:
rock is same as west of river, well-beddedand very little
fractured.Beds 1-2 inch thick at top thickento 27 inches
downward. The rock surfaceon west side of this quarry
is about 10 ft. lower thanon west side of quarry west of
river.
He reported fossils to beuncommon, but orthoconic and cyrtoconic
cephalopods and the trilobite Calymenewere found.He observed 15
feet of gravel overlying the bedrocksurface.
In Section 26, going north along theWisconsin Central Railway,
just south of the road, Alden (1899,unpublished field notes) described
an old quarry as follows:520
The top thin layers whereweathered show somethingof the granular textureseen at Wauwatosa. River evi-
dently flows in a rock bedall along here.The valley being
cut 20-25 feet into the rock.
Alden also describedanother old quarryon the west side of the Fox
River near the middle ofthe S 1/2 of Section 26:
The western part of theexposed surface has evidently
been subjected to flexureso it is closely cut by parallel
vertical fractures runningS. 27°W.These fracturesare from a fraction ofan inch to 4 inches apartso the rock has
the appearance of strataturned up on edge.This fractured
belt is 15 to 20 feet wide,the fractures becomingfarther apart toward the margins.
He goes on to describea large quarry to the north at themiddle of
Section 26:
The rock here is muchmore open in texture than at the
other quarries visited.Fossil fragmentsare quite numer-
ous and rock especially in theupper part is full of open pores.The surfaces of thestrata are uneven in littlebenches and hollows. Also the bedsare much fractured but thismay be from blasting.The stratum forming thefloor of the quarry
is finer in feature and inplaces bears abundant nodulesof chert.The strata are generallynot more than 3 or 4 inches thick.At one pointa small excavation has been madein the floor of the quarry exposing2-4 inch strata withvery abundant chert nodules evidentlytoo much chert for lime burningso the quarry isno longer worked.The floor of thequarry is gently undulating.The general dip beingsoutheast.At the west side of thequarry the rock is exposedup to 860 ft. A. T.The upper bedsare almost entirely madeup of crinoidal fragments at some points.At the west side thestrata are thicker and of rathermore even and closer texture.There is about 8 ft. of tillover the rock here.
Hotchkiss and Steidtm.ann (1914,p. 70) mentioned that the
Waukesha Lime and CrushedStone Company Lime andCrushed Stone
Company quarry consisted ofabout 20 feet ofvery fine-grained,521
bluish, thick, even beds that were overlain by 30 feet of gravel.
They also presented a photograph (P1. XV) of this quarry in a view
looking east.Steidtmann (1924, p. 93) gave the same description of
this quarry.
Ulrich (1914, unpublished field notes) described the Waukesha
Crushed Stone and Lime Company quarry, located south of the lime
kilns and west of the river, and gave a 70 foot section which included
most of the Waukesha Dolomite and all of the Racine Dolomite cur-
rently recognized at this locality; it is possible that his section was
a composite section from both sides of a fault.His section is as
follows: Ulrich also indicated that Thwaites identified the cherty
beds of the Waukesha Dolomite at the bottom of the quarry as belong-
ing to the Byron Dolomite. He further mentioned that there were two
other large quarries in the vicinity.Ulrich appears to have been the
first to recognize the presence of a large fault in this area, even
though Chamberlin, Buckley and Alden all recognized significant
differences in the rock units in different parts of the area.They all
agreed with Chamberlin's original interpretation (1877) that these
differences were due to lateral variation in the Racine Dolomite,
probably influenced by Chamberlin's reef model.It seems that the
fault zone had been previously exposed in the smaller middle quarry
on the west side of the river, where in 1899 Alden (unpublished field
notes) described522
Beginning at bottom of exposure:
Bed I.Byron Dolomite. No fossils obtained except attop.
Microfauna of ostraccdes, sponges...
Bed II.22 feet of crinoida,1 "lime" rock--filled withcavities
after fossils -- chiefly crinoidal stems and plates.
Brachiopods relatively few yetcommon. Used for
manufacture of lime.
Bed III.14 feet 6 inches.Yellowish to light brownishgray
above, light gray in lower half, medium fine grained
dolomite-- sometimes slightly mottled.Beds 8 inches
to 30 inches--few fossils.
Bed IV.Two thin layers blue and yellow mottled, 8inches.
Bed V.2 feet 8 inches.Similar to rock above but thicker
ledge.
Bed VI.7 to 8 feet of fine grained, yellowishgray dolomite in
4 inch to 18 inch ledges--breaks somewhatconchoidal
under hammer and weather--No fossil observedexcept
cast of one crinoid.
Fault with NE-SW strike and steep dip to SEpasses through
quarry and drops Bed II to level of Bed I on the east side and
Bed III to the level of Bed II.Beds III-VI are therefore seen
only in east or SE wall of quarry.
Ulrich also noted details of Bed I accordingto Thwaites:
Bottom of quarry.
4 feet of heavy bedded (6- 15 inches), fine grainedgray
dolomite. White chert nodules in top 6-8 inchlayer.17
feet of same rock as below but without chertexcept in basal
and top 1 foot.Rock laminated but beds are very heavy
(commonly about 5 feet) between main partings.Somewhat
lighter colored and denser than below.2-3 inch layer of gray
and yellowish banded and spotted flinty chert.
5 1/2 feet as below but very cherty, chert insmall and larger
nodules, gray, yellow and white, those attop with interesting
mien-fauna.
Thwaites (1923, unpublished field notes) describeda quarry in
NW 1/4, SE 1/4, Section 26 "northeast of theroad and west of old
lime kilns." He noted that therewere 15 feet of gray dolomite in one
to two foot beds with small cavities.He also stated that there wasa523
faint dip of the strata to the southeast,adding that the overburdenwas
ten to twelve feet thick.He also mentioned thaton the south side of
the road was the quarry he visitedwith Ulrich in 1914, the northpart
of which was now abandoned, andreferred to the lower cherty beds
as Waukesha instead of Byron. He describedthe fault zone as being
about 15 feet wide with crushed andshattered rock weathering yellow;
the strike was notedas N. 47°E., with a 22 foot displacementon the
southeast side.
Shrock (1930, unpublished fieldnotes) made a detailed study of
the quarry area, measuringseveral sections. He found thesouthern
end of the quarry (just to thesouth of the S line, Section 26)abandoned
and partly water-filled.His diagram indicates that by thistime the
two southernmost quarrieson the west side of the river mentioned by
Chamberlin (1877), Buckley (1897,unpublished field notes), and
others, had been joined to formone large quarry which approximately
coincides with thearea being quarried today. He presenteda com-
posite section for this quarry (WaukeshaLime and Stone Co.) as
follows:
From top of quarry-
Bed 9.Light gray to blue sometimesmottled, fine-grained,
even-bedded dolomite 11 ft.8 in.
Even-bedded, fine-grained, bluishgray
dolomite 6 ft. 6 in.524
Bed 8.Mottled gray and blue crystalline
dolomite 37 in.
Bed 7.Very fine-grained, smooth-fracturing
dolomite 50 in.
Bed 6.Even-bedded, fine-grained dolomite,
beds 4-12 in. thick 7 ft.
Bed 5.Drab, fine-grained, flinty limestone..8 in.
Bed 4.Blue, fine-grained dolomite, beds
average 13 in 4 ft. 6 in.
Bed 3.Buff to blue, porous, granular dolomite,
very fossiliferous in places 17 ft. 6 in.
Gray, fine-grained dolomite with irregular
bedding 6 ft.
Bed 2.Cherty dolomite 11 ft.10 in.
Bed 1.Buff to blue, fine-grained to slightly
druzy, even-textured dolomite 6 ft. 4 in.
Mottled blue-gray dolomite. 4 ft. 6 in.
Very fine-grained, even-textured, gray
dolomite 8 ft. 6 in.
Shrock assigned Beds 3 through 9 to the Racine Dolomite and Beds 1
and 2 to the Waukesha Dolomite.
In the south end of the Waukesha Lime and Stone Company
quarry, along the west wall, Shrock measured a 28 foot section which
was comprised of the highest beds exposed in the quarry. He indi-
cated that the elevation of the bedrock surface at this location was
about 840 feet.He measured another section in the west face of the
northwest corner of this quarry (which is north of the fault).The525
bedrock surface here is 850 feetand approximately 57 feet ofrock
were exposed.These beds represent the lowestin his composite
section and include the cherty andunderlying beds, as wellas the
overlying massive, granular,porous rock.These two units lie be-
neath the beds exposed in thepreviously mentioned section.Shrock
measured one additional 58 footsection along the east wall ofthe
quarry at the location of the hoist andsump at that time, south of the
fault; this is the approximatepresent site of the buildings alongthe
east wall.This final section exhibits theupper 11 feet of the cherty
beds (Waukesha Dolomite)overlain by 47 feet of RacineDolomite.
Shrock observed a slight dipin the rocks to the southeastin
the southern end of thequarry with the beds leveling out towardsthe
middle of the quarry; this featurecan still be seen.
Studying the fault in thisquarry in detail Shrock found it to
have a strike of about N. 40°E.with a 45 foot displacementand a
fracture zone 15 to 25 feet widecomprised of thoroughly weathered
and badly broken rock; slickenslidesurfaces were also present.He
suggested that theremay have been some horizontal movementalong
the fault trend.The area northwest of thefault was not being worked
at that time.See Figure 72 for view of faultin northeast corner
of quarry.
Shrock also visited the oldquarries associated with thelime
kilns to the north of CountyHighway JJ.The quarry (MPM x37. 9)at526
Figure 72. Fault in the westquarry of the Waukesha Lime and Stone
Company.(A) is a diagram of the faultzone in northeast
corner of the quarry after Shrock (1930, unpublished
field notes); this area isnow covered; (B) is photograph
of the main fault zone currentlyexposed near crusher
(from Mikulic, 1977, Figure 11).View is looking north.527
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the kilns was no Longer being worked, buta crusher was operated
there for the manufacture of asphalt;an asphalt plant is still located
there today.The shallow quarry west of the kilns,across Busse
Road, was also abandoned at this time andShrock measured a section
there; the same beds were exposed at thequarry by the kilns.His
section follows:
Soft to hard, quite porous, buff to light bluedolomite.
Massively bedded but upon thorough weatheringbreaks up
into thinner somewhat irregular, but well definedbedding
planes. Many of the bedding planesare characterized by
stylolitic seams 18 ft. 2 in.
Floor of the quarry seems to bevery close to top of
cherty about 1 ft.
Rock becomes soft on weathering; hasa saccharoidal
granular texture; takes on a yellowish color andis quite
porous.
The upper 5 feet, and evenmore in places, exhibits beds
in places which are almost entirely madeup of a mass of
crinoid stems, partially dissolved, andbrachiopod shells.
The porous phases grade up and downas well as laterally
into finer-grained dolomite. Some phasesresemble very
closely the saccharoidal phase of the HuntingtonDolomite
of Indiana.
The following fossils were noted:
Orthoceras sp. (?)
Dawsonoceras annulatum(?)
Atrypa reticularis (casts generally)
Strophomena sp.
Trimerella or Monomorella sp.
c rinoids
Rhynchotreta(?) sp.
Shrock also described the abandonedquarry east of the river529
in the SE 1/4, Section 26.Approximately 13 feet of rock was ex-
posed which appeared to be equivalent to the upper beds of the
southern part of the quarry on the west side of the river.
Shrock (1935, unpublished manuscript) gavea general descrip-
tion of the main quarry on the west side of the river basedon his
1930 fieldwork.
In 1937 the Tri-State Field Conference visited the Waukesha
Lime and Stone Company quarry (Stop 8, Waukesha Quarry) and de-
scribed it as follows (Thwaites et al., 1937,p. 5-6):
The type exposure of the Waukesha Formation is on the
grounds of Carroll College and very little may now be
seen.It has been assumed that the formation is repre-
sented in the quarry at Waukesha.Crossing the north
end of the quarry is a fault with the throw believed to be
on the south.The minimum extent of the throw is 40 feet.
It may be much greater.It is believed that the strata
southeast of the fault may be correlated with the Byron
formation.The strata northwest of the fault are thought
to represent the lower Byron or Mayville, but it is also
possible that they are inter-reef Racine.It seems likely
that the strata in the type locality of the Waukesha forma-
tion are equivalent to some of those northwest of the fault.
The quarries at this locality were in part described by Mikulic
(1977) and the following is modified from that discussion. Rock is
no longer exposed in the two quarries, north of County Highway JJ,
that were formerly used for lime.The quarry at the kilns has not
been completely filled in but the rock face has been covered.The
quarry to the west of it has been completely filled in, but a small
tunnel between the two quarries, under the north-south road, still530
connects the two sites.To the south the largequarry of the Waukesha
Lime and Stone Companyoperates on both sides of the faultand ex-
tends nearly through theSilurian (see Figure 73).On the east side
of the Fox River the formerWaukesha Stone Companyquarry de-
scribed by Buckley (1898),Alden (1899, unpublishedfield notes), and
Shrock (1930, unpublishedfield notes) appearsto have been covered
over; however, to the north inSection 26 a newquarry has been
opened by Waukesha Limeand Stone Company inan area where gravel
has been removed fromthe bedrock surface.
The westernquarry of the Waukesha Lime andStone Company
is crossed by a fault havinga trend of N. 40°E. anda displacement
of approximately 30 feet,with strata on the northside of the fault
having been upliftedor the strata on the south side of thefault having
been down-dropped.The fault is marked bya highly fractured zone
as noted by previous authors, andseveral smaller faultsare located
to the south, havinga step-like configuration within theoverall trend
of displacement.The total displacementappears to be approximately
40 feet.Kuntz and Perry (1976)briefly described the lengthof this
fault through southeasternWisconsin.
The highest strata exposedin the north end of thewest quarry
are the upper layers of the RomeoBeds and possiblya couple of feet
of the overlying well-bedded"Lannon" beds.South of the faultap-
proximately 30 feet of the"Lannon" beds overlie theRomeo beds,531
Figure 73. Photograph ofquarry wall in the south end of thewest
quarry of the Waukesha Lime and StoneCompany quarries
(locality 41), Waukesha County,showing a nearlycom-
plete section through theSilurian.Quarry face isap-
proximately 150 feet high andshows the Lannon Beds of
the Racine Dolomite at thetop of the quarry underlain by
massive Romeo Beds of theRacine Dolomite.Unit in middle of photo is theWaukesha Dolomite which isunder- lain by the Brandon BridgeBeds and the upper part of
the Kankakee Beds. Phototaken in July, 1977.532
with the bedrock surface atapproximately the same level.The lowest
beds in the north end of thequarry are those exposed at the crusher,
just north of the fault, where 37 feet of"Kankakee" beds underlie the
uppermost beds of the Brandon Bridge.South of the fault a continuous
section from the "Lannon" beds downnearly into the Maquoketa is
currently exposed.
In the east quarry of the Waukesha Limeand Stone Company a
section from the top of the "Lannon" bedsdown to the uppermost
"Kankakee" beds is exposed, with the rockunits having the same
characteristics as those exposed in the southend of the west quarry
across the river.The fault apparently passes to thenorth of the east
quarry as there have been no faults observed there.
The following section isa composite of exposures in the east
and west quarries, anda nearby water-well log was used to determine
the characteristics and thickness ofrocks beneath the currentexpo-
sures in the quarries:
"Lannon" Beds of Racine Dolomite.The highest stratigraphic unit
exposed in these quarries is the "Lannon"Beds of the Racine
Dolomite, which is approximately 32 feetthick.The upper portion
of the "Lannon" Beds have beenremoved by erosion in thisarea and,
consequently, are much thinner here thanthey are in the Lannon-
Sussex area. At Waukesha these bedsare fine-grained, dense,
well-bedded, non-porous, light brownishgray dolomite.Fossils533
are uncommon, but occasional orthoconic cephalopods and Phrag-
moceras are present.
Romeo Beds of Racine Dolomite.Underlying the "Lannon" Beds are
23 feet of Romeo Beds of the Racine Dolomite.The rock is predomi-
nantly light gray, vuggy, porous, crystalline, granular, fossiliferous,
thick-bedded to massive dolomite.Fossils are mostly pelmatozoan
stem fragments with rhynchonellid brachiopods and some other
fossils.In the east wall of the west quarry, adjacent to the lime
buildings, a carbonate buildup about 20 feet widecan be seen in the
Romeo Beds, however, it is inaccessible for close examination.
This is the only carbonate buildup reported from these beds in the
Waukesha area.
Waukesha Dolomite.Underlying the Romeo Beds are 32 feet 6 inches
of the Waukesha Dolomite, having the same characteristicsas the
exposures of this unit at the type section at Carroll College.The
Upper ten feet of the Waukesha Dolomite is highly cherty, thin- to
medium-bedded, brownish gray dolomite.The chert is white and
fossiliferous, forming layers of well-defined nodules.The lower 27
feet is medium-bedded, light gray dolomite.(See discussion of these
exposures in the chapter of the Waukesha Dolomite for details. )
Brandon Bridge Beds.The Brandon Bridge Beds underlie the
Waukesha Dolomite forming a conspicuous darkgray unit throughout
most of both quarries.This unit ranges in thickness from zero to534
twenty-six feet and is a thin-bedded, highlylaminated, very fine-
grained, dark gray, argillaceous dolomitewith patches of typical
grayish-red-purple colorationas seen in the Brandon Bridge Beds
in the southern part of the studyarea.This unit unconformablyover-
lies, in part, the Plaines Member ofthe "Kankakee" Beds, buta
short distance south of the faultin the W quarry it wedges out against
a topographically high unnamed unit above the Plaineswhich thickens
towards the north.(See discussion of theseexposures in the section
on the Brandon Bridge Beds for details. )
Unnamed Unit.In the northern half of the westquarry the previously
mentioned unnamed unit whichreplaces the Brandon Bridgeranges
from zero to twenty-one feet in thicknessand is a light brown,
thin-bedded, highly cherty, poorlyfossiliferous dolomite.The chert
takes the form of discontinuousirregular layers, more typical of the
underlying "Kankakee" Beds than thewell-defined chert nodules in the
Waukesha Dolomite.
"Kankakee" Beds.Throughout the southern half of thewest quarry
and the entire eastquarry the Brandon Bridge is underlain bymore
typical "Kankakee" Beds, theuppermost two feet of whichappear to
be very similar to the Plaines Memberbeing a dense, thick-bedded,
non-porous, fine-grained dolomite which breaks witha conchoidal'
fracture. A prominent unconformitymarks the upper surface of this
unit which locally hasup to one foot of relief.The same unit535
underlies the unnamed cherty beds in the north half of the westquarry
where the Plaines Member increases to about five feet in thickness.
In both quarries the Plaines Member is underlain by eight feet
of similar beds which alternate with more coarse-grained, thin- to
thick-bedded dolomite, which breaks with an irregular fracture.
Exposures and water-well logs indicate that approximately 110
feet of generally cherty, coarse-grained, crystalline dolomite lies
beneath these and above the Maquoketa (Ordovician).
Pewaukee Quarries and Exposures
Locality 42
SE 1/4, NW 1/4, Section 9 (Ormsby Quarries-Caldwell and Nelson
Quarry No. 1) W 1/2, NE 1/4, Section 9 (Pelton-Monitor-Cairneross
and Ross Quarries) T. 7 N., R. 19 E., Pewaukee Township,
Pewaukee, Waukesha County.
MPM x38. 1
elevation: 850 to 860 feet
T. J. Hale in Hall, 1862, p. 62, fig.7) illustrated the strati-
graphic relationships between Pewaukie (sic) and Waukeshaw (sic).
He indicated that the thin-bedded Waukesha Dolomitewas overlain by
heavy-bedded dolomite similar to that below, but less argillaceous.
Chamberlin (1877, p. 358-359) gave the most detailed descrip-
tions of the Pewaukee area exposures that have been published to536
date.He correlated these beds with the Racine and Waukesha
Dolomites:
At Pewaukee, the upper strata consist ofa white, fine-
grained, but porous crystalline dolomite, havinga
conchoidal fracture.In this portion occur the crinoids
Caryocrinus ornatusEucalyptocrinus crassus, E. coelatus,
E. n. sp., and the trilobites, Illaenus ioxus andI. pteroceph-
alus, n. sp., in association with several Orthoceratitesand
other fossils, thus manifestinga noticeable affinity to the
Racine fauna.
The lower layers at this pointare more argillaceous
and siliceous, and of more irregular texture, withpatches
of cherty material.Halysites, Favosites and Pentamerus
occur in these beds.In one portion of Mr. Pelton'squarry
a layer is almost entirely composed of a large Pentmaerus
oblongus, imbedded in white dolomitic material,forming a
rather heavy bedded rock ofuneven texture.It lies near the
base of the quarry, but from its situation and theundulating
nature of the strata, its relation to the impure layersabove
mentioned are not apparent.It is quite possible that, as
suggested by Prof. Whitfieldon paleontological evidence,
the upper portion belongs to the Racine, and thelower to
the Waukesha horizon.The list of fossils, collected at this
point, as follows: Stromatopora concentrica,Favosites
favosus, Astrocerium venustum, Halysitescatenulatus,
Zaphrentis, Omphyma, Caryocrinus ornatusEucalyptocrinus
crassus, E. coelatus, E. n. sp., Streptorhynchus subplanum,
Strophomena rhomboidalis, Spirifera nobilis,Meristina maria,
Atrypa reticularis, Pentamerus oblongus,P. ventricosus,
Orthocera annulatum P. alienum, 0. medulare,0. crebescens,
Gyroceras hercules, Gomphoceras nautilus,n. sp., Illaenus
ioxus, and I. pterocephalus, n. sp.
An interesting feature of this locality isa mound of rock
lying a short distance west of the main quarrieswhich rises
ten or twelve feet above its base, and hasa diameter of only
a few rods.It consists of very irregular beds, coalescing
promiscuously with each other and dipping irregularlyin all
directions.The rock is, for the most part, hard,compact,
white, and in some portions, cherty, andcontains a few
Brachiopods.It evidently owes its origin to irregularities
of deposition and not to upheaval.
Buckley (1897, unpublished field notes) brieflydescribed the537
quarries in this vicinity.At the Cairnerossquarry he found a con-
siderable sized opening about six to eightfeet deep, having beds two
to eight inches thick.The rock was a fine-grained, grayishwhite,
weathering white dolomite, containinga considerable number of
fossils and was somewhatporous.The rock was used mostly for
lime although some buildingstone had been produced in the past.
He reported that Caldwell and Nelson'squarry (No.1), in the western
part of the village, was about two to eightfeet deep and was used for
lime.In 1898 Buckley (p. 325) publisheda brief description of these
exposures based on his 1897 observations.
Shrock (1930, unpublished field notes)made the following ob-
servations at this location:
At the present time thereare three small water-filled
quarries near Pewaukee, and littlestone can be seen.
Along the low bluff, however, whichrises above the swamp
(west of bluff) some 12-15 feet offine-grained, even-tex-
tured, even-bedded light coloreddolomite are exposed.The
beds are from 2-12 inches thick andare slightly porous...
On the east side of the road at thesouth end of the low bluff
a polished striae striking E-W.
Shrock reported that overburdenwas light and that the cherty rock
observed by Chamberlin (1877)was no longer exposed.
The old quarries in thisarea are no longer well exposed (see
Figure 74).However, a 'good sectioncan be seen in the U.S. High-
way 16 roadcuts through the northwest-facingbluff, just east of the
old Pe lton quarry, made during the1950's. A 13 foot section of rock538
Figure 74. Airphoto (A) and locality map (B) of Pewaukee area
quarries and exposures (locality 42), Waukesha County.
Airphoto from Southeastern Wisconsin Regional Planning
Commission.53 ()
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is exposed along the westernmost cut as follows:
Unit A: Unit A, at the top of the section, is nine feet thick and con-
sists of light gray, dense dolomite, which is well-bedded in six to
eight inch layers.This rock is generally poorly fossiliferous, but
fine pelmatozoan debris is scattered throughout these beds and
localized in more fossiliferous beds towards the bottom; a few
crinoid calices have been found.The lower one foot of this unit
contains a number of small orthoconic cephalopods scattered through
it, particularly in the southern half of the outcrop. A one foot thick
vuggy zone occurs six inches above the bottom of the unit.
Unit B.Unit B is four to five feet thick and is comprised of irregu-
larly bedded, dense, crystalline, light gray dolomite.The lower
two feet breaks with a semi-conchoidal fracture.Disarticulated
specimens of pentamerids are found scattered through Unit B, and
favositids and halysitids are scattered through the upper two feet.
Nearly all the fossils appear to be silicified.The character of these
beds appears to change laterally, and in the northern one-third of
the exposure, apparently equivalent beds become more irregularly
bedded, granular i and porous, and highly cherty in the upper two
feet.Unfortunately, the transition between these two lithologies
is not exposed.The chert is irregular, crumbly, rotten and some-
what lenticular as opposed to well-defined nodules.Pelmatozoan
debris seems to be common in the chert.The chert layers appear541
to thicken to become approximately three feet thick andare overlain
by 14 inches of more even-textured rock which in turn is overlainby
one foot of more dense rock containing a layer of pentamerids in its
upper two inches.The cherty beds at this locationappear to be
slightly domed, and in the old Pe ltonquarry, to the west, a dome is
apparently present in the floor of the quarry, whichmay be related
to the one here.
The old quarries to the northwest of the intersection of County
Highways J and JJ are poorly exposed.The two small, water-filled
pits indicated on current topographic quadrangles, south and southwest
Pewaukee Mattress Company, had about one to two feet of rockex-
posed above water level, but were coveredover in 1977.The larger
pond indicated on quadrangles just to the west hasno rock exposed
and it is uncertain as to whether or not this isa water-filled quarry.
At the northeast corner of the baseball field in the parkto the
west of the ponds is a small rock mound, whichmay have been the
one described by Chamberlin (1877).The mound is structureless,
approximately five feet high and about 40 feet in diameter.The rock
is light gray, vuggy, granular, massive-appearing dolomite.Only a
few silicified rhynchonellid(?) brachiopodsare present. A small
stone pit on the north side of the mound exhibits rock whichis finely
laminated on weathered surfaces, but more massiveor thick-bedded
in fresh exposures. A few other small, shallow stonepits can be542
seen to the north and east of the mount. These pits are largely
grassed or slumped over; the rock exposed is light to dark gray,
granular, bedded dolomite.It is possible that a few other small
stone pits were once located to the west of the mound, but have been
covered up by park construction.
In 1968 a sewer tunnel was constructed along the Pewaukee
River in S 1/2, Section 9 (locality 42). A large number of disarticu-
lated pentamerids were found in the excavated rock.The following
section was measured at this site (William Brown, 1968, personal
communication):
Drift 0-4 feet
Cephalopod Beds 4-15 feet
Chert Beds 15-18 feet
Pentamerid Beds 18-10 feet
In 1979 similar rock was exposed in sewer tunnels to the east of the
1968 sewer construction.
Water wells in the area indicate that in Section 9 the Silurian
rocks are approximately 170 feet thick and are underlain by about 190
feet of Maquoketa Shale (Ordovician).
A fair-sized collection of Pewaukee area fossils is deposited
in the collections of the Greene Museum (University of Wisconsin-
Milwaukee).This material was collected during the 1880's and early
1890's, and a number of the specimens are labelledas to the quarries543
from which they came. Some of thespecimens come from a Hine
quarry which has not been mentioned in the literatureor plat maps.
Locality 43
SE 1/4, Section 29, T. 7 N., R. 19 E.,Pewaukee Township,
Waukesha County.
elevation: 900 feet
Alden (1904, unpublished field notes)mentioned that there were
ledges of Silurian rocks exposed in theeast side of the valley here.
His 1918 map shows additional outcropsalong the 900 foot contour,
on the opposite side of the valley, in the SW 1/4, Section29 and the
NW 1/4, Section 32. Alden (1904, unpublishedfield notes) also ob-
served that rocks were slightly exposedin the NW 1/4, Section 6,
T. 6 N., R. 19 E. at a spring andwere thinly covered in the slope.
His 1918 map indicates that this outcropis south of County Highway T,
along the 900 foot contour.
Shrock (1930, unpublished field notes)described exposures in
the SE 1/4, SW 1/4, Section 29as follows:
Along the road in a freshly washed gullywere exposed some
15 1/2 feet of a buff to light blue, somewhatmottled, fine-
grained but druzy dolomite. Thereare some chert nodules
present.The rock is at an elevation of about885 to 895 feet
A. T. and appears to be exactly thesame as that found in the
abandoned quarry some 1 1/2 milesto the southeast (MPM
x38.5).It extends up to the flat bench.Total thickness
probably 15 feet.544
Locality 44
SE 1/4, Section 29, T. 7 N., R. 19 E., Pewaukee Township,
Waukesha County.
Alden (1904, unpublished field notes) reported that ledges of
Niagaran limestone were exposed in the east side of the valley in the
SE 1/4, Section 29.
BluemoundRoad Exposure
Locality 45
NW 1/4, SE 1/4, Section 25, T. 7 N., R. 20 E., Brookfield Town-
ship, Village of Elm Grove, Waukesha County.
elevation:730 feet
In 1973 bedrock was exposed in a shallow excavation for a build-
ing near N. 129th Street, on the north side of Bluemound Road. Ap-
proximately seven to eight feet of thin-bedded (two to three inch aver-
age), flaggy, fine-grained, light gray dolomite with slightly irregular
bedding planes was exposed.Fossils were rare, with one Dawson-c,
oceras, one Kionoceras, and one Dalmanites(?) collected.Horizontal
trails and burrows were common. The rock becomes light brown on
weathering and burrows become rust-colored.In general, the rock
and fossils here are very similar to those at the Hartung quarry in
Milwaukee county.In the northeast corner of the excavation there545
was a purplish patch about 2 feet wide which appeared to grade into
rock of normal coloration.This purple coloration was also observed
in lithologically similar beds excavated in a sewer tunnel in the north-
eastern corner of Butler in the late 1960's.There is much iron
staining along joints in some places.The bedrock is overlain by four
to five feet of glacial drift.Other excavations (small sewer ditches)
around W. 129th Street exposed similar rock in 1972.Newspaper
articles in the past have mentioned that bedrock is quite close to the
surface throughout the surrounding area.
Locality 46
SW 1/4, Section 34, T. 8 N., R. 19 E., Lisbon Township, Waukesha
County.
Alden (1904, unpublished field notes) made the following obser-
vations of exposures in this vicinity:
East of big hill the limestone rises in low knolls above the
marsh level being barely covered in places.Just west of
middle (Section 34) glaciated limestone exposed in road.
Just north of middle section corner considerable rock has
been sometime quarried.Ruins of old lime kiln here.Fresh-
ly stripped rock surface is hard and smoothly polished.Seems
to be a sort of glazing in which striae are scratched. Weather-
ing attacks the lime more readily than the glazed surface and to
this may be due the peculiar gash-like depressions in some
of the weathered surfaces, predominantly in parallel lines
but with cross gashes.Striae due west W. 10°N. Rock is
hard, dense, white to grayish dolomite bedded in 1 to 8 inch
layers.In part the texture is minutely porous.The broad
low elevation seems to be due to a low dome-like up curving546
in the strata.There are dips of 5 °-10° on the east side
apparently periclinal.
Locality 47
NW 1/4, NE 1/4, Section 21, T. 8 N., R. 19 E., Lisbon Township,
Waukesha County.
elevation: approximately 970 feet
Alden (1904, unpublished field notes) reported an exposure in a
railroad cut, showing five to six feet of dense, whitish dolomite, in
beds two to four inches thick with even to irregular bedding planes.
He mentioned that the rock was considerably fractured, which he con-
sidered to possibly be from blasting.The strata dipped east-southeast
at a 4° to 10° angle.He further observed "at the east end of cut the
rock is a low anticline dipping WNW-SSE. Beds 2-6 inches thick.
Rock dense except for some small holes." He also noted that north
of the railroad tracks the rock formed a low ridge five to ten feet
above the marsh, running for several acres.
Sussex Area Quarries-Lisbon Township
A large number of quarries have been opened in Lisbon Town-
ship, primarily along County Highway K, near the intersection with
State Highway 164, and in Sussex around the intersection of State
Highways 164 and 74.Quarrying began in Lisbon Township (S 1/2,547
Section 23; 34; 35; W 1/2, Sec. 36, S 1/2, Sec. 26) in approximately
1840, but until the 1950's all of the operations were quite small.Only
a few of the more significant quarries will be discussed here.
Halquist Quarry
Locality 48
E 1/2, NW 1/4, and W 1/2, NE 1/4, Section 35, and SE 1/4, SW 1/4,
Section 26, T. 8 N., R. 19 E., Lisbon Township, Waukesha County.
MPM x 37.16
elevation: 890 feet (at highest exposure)
This large quarry is located on the east side of a small stream
on the north side of County Highway K, west of State Highway 164,
one mile south of Sussex (see Figure 75).
Raasch (1940, unpublished field notes) reported that at that
time this quarry was only about 20 feet deep and consisted primarily
of well-bedded, gray, fine-grained dolomite.
Frest, Mikulic, and Paul (1977) briefly described the quarry
in connection with the occurrence and preservations of cystoids.
Mikulic (1977) presented a more detailed description of this
quarry, supplemented by core extending through to the Maquoketa
(Ordovician) in the Vulcan quarries to the east (see Figure 76).The
following description has been modified from Mikulic (1977).548
Figure 75. Airphoto (A) and locality map (B) of the quarries south
of Sussex (localities 48 and 49), Waukesha County.
Airphoto from Southeastern Regional Planning Commis-
sion.A
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Figure 76. Composite section based on the exposures and cores in
the Halquist quarry (locality 48) and the Vulcan quarries
.south of Sussex (locality 49), Waukesha County.After
Mikulic (1977, Figure 14) (b) indicates the cephalopod
layer. Arrow indicates lowest exposure present in the
quarries.b
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"Lannon" Beds of Racine Dolomite.The uppermost unit in the
Halquist quarry consists of 27 feet of "Lannon" Beds of the Racine
Dolomite.The rock is light brown to gray, dense, non-porous,
medium- and well-bedded dolomite with stylolitic bedding planes.
Scattered cephalopods are the only common fossils, although some
of the more lithographic lower beds contain a few disarticulated
trilobites.The thickest exposure of this unit is found in the south-
eastern corner of the quarry.
Romeo Beds of Racine Dolomite.Underlying this unit are 12.5 feet
of the Romeo Beds of the Racine Dolomite.This unit is thick-bedded
to massive, granular, coarsely crystalline, vuggy, fossiliferous,
light gray dolomite.The fossils are primarily pelmatozoan fragments
with an occasional rhynchonellid brachiopod or other fossil.At the
bottom of this unit is a two foot thick bed known as the "Cephalopod
Layer." It is light brown, very fine-grained, dense, almost litho-
graphic dolomite, which breaks with a conchoidal fracture.Because
of its peculiar lithologic characteristics this bed isvery conspicuous
in the quarry walls.
Unit C .Below the "Cephalopod Layer" is a 20 foot thick unit that is
not easily correlated with beds exposed in the Waukesha quarries to
the south, as are the underlying units at this locality.This unit is
referred to as Unit C and is thick- to medium-bedded, fine-grained,
light gray dolomite with local porous areas of fossiliferous debris.553
Several reefs are developed in these beds, most of which appear to
have ceased development with the deposition of the "Cephalopod
Layer, " however, one reef may have projected up into the Romeo
Beds (see discussion on trilobite accumulations for details).This
unit may correlate with part of the Romeo Beds of the Racine
Dolomite or the Waukesha Dolomite.
Unit D. Unit C is underlain by seven feet of cherty, medium-bedded,
light gray, fine-grained dolomite, the upper beds of which contain
abundant pentamerids and scattered tabulate corals.Beneath this
are five feet of thin-bedded, gray, crystalline, non-cherty dolomite,
which in turn overlies 30 feet of brownish-gray dolomite containing
abundant chert.Several carbonate buildups are present in this lower
30 feet.These are the lowest beds exposed in the Halquist quarry.
Core records from the Vulcan quarries indicate that approxi-
mately 125 feet of Silurian rock underlie the floor of this quarry above
the Maquoketa Shale (Ordovician).The upper 15 feet of this rock is
a fine-grained, dense, light gray dolomite which breaks with a con-
choidal fracture.Underlying this is 110 feet of light gray, fine-
grained, argillaceous, cherty dolomite.554
Vulcan Quarries
Locality 49
E 1/2, NE 1/4, Section 35, and W 1/2, NW 1/4, Section 36, T. 8 N.,
R. 19 E., Lisbon Township, Waukesha County.
MPM x37.28
elevation: 880 feet
Two large quarries are operated by Vulcan Materials Company
on each side of the railroad tracks, just north of County Highway K
and east of State Highway 164 (see Figure 75).The exposures in
these quarries, in addition to cores drilled to the Maquoketa in the
floor of each quarry, give a complete section through the Silurian at
this location (see Figure 76).These quarries were briefly mentioned
by Mikulic (1977) as part of the discussion of the Halquist quarry.
The section exposed in the Vulcan quarries is identical to that in the
Halquist quarry.
A carbonate buildup has been uncovered along the east wall of
the east Vulcan quarry, opposite the lime buildings on the west side
of the railroad tracks.This reef is in the same stratigraphic posi-
tion (Unit C) as the reefs in the Halquist quarry, and is overlain by
the "Cephalopod Layer" and Racine beds, which drape over the
buildup.555
Locality 50
SW 1/4, SW 1/4, NE 1/4, Section 34, T. 8 N., R. 19 E., Lisbon
Township, Waukesha County.
MPM x37. 28
elevation: 880 feet
There is a small abandoned quarry exposing a small dome, just
north of the interstection of County Highways J and K.
Alden (1904, unpublished field notes) was the first to notice the
peculiar doming of the beds just north of the middle of Section 34.He
found that considerable rock had been quarried in the vicinity of an
old lime kiln.He described it as follows:
...hard, dense, white to grayish dolomite bedded in 1 inch
to 8 inch layers.In part the texture is minutely porous.
The broad low elevation seems to be due to a low dome-like
up curving in the strata.There are dips of 5 *-10° on the east
side, apparently periclinal.
Shrock (1930, unpublished field notes) also visited this locality
and described it as follows:
On the north side of the road is an old lime kiln and nearby
a shallow dry quarry where the stone was obtained.The
stone is a very white, dense, fine-grained even-bedded
limestone.The little hill in which the quarry is located
seems to be a small mound with the beds dipping away from
the center on all sides.In the small quarry the beds dip
east, southeast, north and northeast.Dip is very low,
probably never exceeds several degrees. At the east end
of the quarry is a very small parasitic mound.The rock is
slightly coarser and rougher.These mounds seem to have556
been formed as irregularities on the bottom.There does
not seem to be any quarry near the old kiln on the south side
of the road.
This quarry has not been altered since Shrock's visit, although it has
become overgrown.The rock is thin- to medium-bedded, light gray
dolomite.In the northeast corner fine to coarse pelmatozoan debris
and scattered brachiopods (pentamerids?) are present.
Sussex Domes
Locality 51
SE 1/4, Section 23, T. 8 N., R. 19 E., Lisbon Township, Waukesha
County.
elevation: 900 to 920 feet
There are a number of small shallow quarries and rock outcrops
in the SE 1/4, Section 23, on both sides of State Highway 164
(Waukesha Avenue), just north of the intersection with State High-
way 74.
Alden (1904, unpublished field notes) visited a quarry in the SE
1/4, SE 1/4, Section 23, at an old lime kiln, just east. of the railroad
tracks, and described it as follows:
...exposes 5 ft. of nearly horizontally bedded, grayish
dolomitic limestone.Regularly bedded in thin to 4 inch
layers.Rather dense even texture, regular fracture, fine
crystalline texture.Fossils not obtained, see none. Ex-
cavation in bottom of quarry exposes 4+ ft. of grayish
dolomite with rougher, more uneven texture breaking
irregularly under the hammer. Old lime kiln seems not
to be used now.557
Shrock (1930, unpublished field notes) described a number of
outcrops and quarries in this vicinity.He mentioned that there was
no longer any quarry near the lime kiln; local residents had informed
him that it had been covered over by railroad construction.F. H.
Keller (Sussex Sun, July 20, 1976) reported that this quarry was
filled in 1910 by construction of railroad tracks, but the kiln is still
there.Shrock described the rock in this area as:
...light-colored, fine-grained, somewhat druzy, even-
bedded limestone... on the east side of the road between,
the two railroads the stone comes to the surface forming a
low bluff.Carlson and Halquist were working a shallow
opening here, not over 5 ft. deep.The entire section
measured here totaled about 13 ft..
_His section is as follows:
Bed 3.Weathered, slabby, thin-bedded, fine-grained,
even-bedded dolomite 5 ft. 6 in.
Bed 2.Mottled, somewhat darker, druzy, irregularly-
bedded, hackly, rough dolomite 2 ft.
Bed la.Covered 1 ft.±
Bed 1.Thin, somewhat druzy doloinite 5 ft. ±
Shrock went on to describe:
Exposures of the same thin-bedded stone occurs west of
the small quarry mentioned across the road... An interest-
ing feature in this exposure, just south of the railroad and
west of the road, is the occurrence of two small circular
mounds (about 40-60 ft. in diameter) which rise 10-12 feet
above the surrounding exposures.The beds dip away from
the center in quaquaversal fashion with a very low angle.
The surface of the two mounds is marked by sets of inter-
secting joints which have been enlarged by weathering.
These two small mounds probably were caused by558
irregularities on the sea bottom, for they do not seem to be
due to upheaval.
Just north of the railroad overhead bridges about 1/4
mile north of Templeton, on the west side of the road is a
shallow quarry (5 ft. deep) exposing thin-bedded light-colored,
fine-grained dolomite, similar to the rock a short distance
south.
The structures described by Shrock appear to be beds overlying buried
carbonate buildups as seen in other quarries in the Lannon-Sussex
area.
A small quarry operated at the location of these small domes
sometime between 193 0 and 1959, but is now abandoned.The domes
may still be seen here, however.
Templeton Lime and Stone Company Quarry
Locality 52
NW 1/4, NE 1/4, Section 26, T. 8 N., R. 19 E., Lisbon Township,
Waukesha County.
MPM x3 7. 27
elevation: 900 feet
Bedrock is quite close to the surface in the vicinity of the
intersection of State Highways 164 and 74, in the part of Sussex form-
erly known as Templeton.
A large, nearly water-filled quarry is located southwest of
this intersection and north of county Highway VV. A canning plant
has been built on the north side of this quarry which is now used as559
a swimming beach.This quarry was previously known as the Temple-
ton Lime and Stone Company quarry.
Alden (1904, unpublished field notes) mentioned that this quarry
produced only lime and no building stone, and described it as follows:
Quarry hole is 43 ft. deep. Rock well bedded in regular
slightly undulatory layers.At bottom layers are 30-35
inches thick.Some of these lower layers are of very fine
dense, even grain and conchoidal fracture and crystalline
texture.These are said to give the finest white lime... This
grades up and down into finely porous dolomite (which) under
glass seems to be composed of rather loosely aggregated dolo-
mite crystals.Saw little or no chert and fossils are not
abundant.In upper half of quarry face are layers 2 to 20
inches thick.These are of dense texture, conchoidal frac-
ture some layers are very even grain.Most however show
small crystal-lined cavities 1/2 to 1 inch in diameter. One
layer 20 inches thick fine even dense rock, color grayish
white fresh looking rock. Some layers have rough hackly
surface.
In 1916 a fire destroyed many of this company's buildings and the
quarry was abandoned and soon filled with water (F. H. Keller,
Sussex Sun, Feb. 15, 1977).
Shrock (1930, unpublished field notes) described a foot section
of rock exposed above the water level in this quarry:
Light colored, fine-grained, hard, dense, compact dolo-
mite with semi-conchoidal fracture.The stone is evenly
bedded, and the separation planes are almost invariably
stylolite seams.In several stylolite seams there are thin
films of black, shaly material... The texture of the stone
is fairly even and the fracture smooth generally.
The beds range from two to twenty inches in thickness, being thinly
bedded at the top and thickening towards the bottom, and are vuggy560
in places, particularly in the middle four feet of the section and the
upper five feet.The upper 20 feet are weathered with a somewhat
sandy texture.
A water well (Wk-226) on file at the Wisconsin Geological and
Natural History Survey from the SE 1/4, SW 1/4,NE 1/4 Section 26,
T. 8 N., R. 19 E. (Alt. 900 feet) shows 25 feet of drift overlying 215
feet of mostly cherty dolomite, which overlies 180 feet of Maquoketa
Shale (Ordovician).
Lannon Area
Section 18
E 1/2, Section 24
S 1/2, Section 17
N 1/2, Section 20
N 1/2, Section 19
all in T. 8 N., R. 20 E., Menomonee Falls Township, Waukesha
County.
elevation: 850 to 910 feet
There are numerous shallow flagstone quarries in the Lannon
area of Waukesha County. Bedrock is very close to the surface over
a large area and quarries have been operated here at least since the
mid-1800's.The rock is well-bedded and makes a fine building stone.561
Figure 77. Airphoto (A) and localitymap (B) of the United Stone
Company dome (locality 54), Waukesha County.Airphoto
from Southeastern Wisconsin RegionalPlanning Commis-
sion.2t 2
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Buckley (1897, unpublished field notes; 1898) described most of
the quarries in this vicinity in detail, as did Alden (1904, unpublished
field notes) and Shrock (1930, unpublished field notes).Since nearly
all of the quarries in this vicinity are shallow and show the same
features, only a few of the more noteworthy exposures will be de-
scribed in detail here.
In general the rock is a well-bedded (six to twelve inches thick
at the top of the section, thicker at the bottom), fine-grained, non-
porous, poorly fossiliferous, even-textured, non-cherty, light gray
to very light brown dolomite with common stylolitic bedding planes.
Fossils are mostly scattered orthoconic cephalopods and Phrag-
mocerasa few rare trilobites (Calymene ), and on some bedding
planes, pelmatozoan stem sections up to one foot long.Fine
pelmatozoan stem sections up to one foot long.Fine pelmatozoan
debris is sometimes visible on weathered surfaces.The beds are
mostly horizontal with a slight dip to the east, except in the vicinity
of low domes having a relief of a couple of feet and a diameter of 50
to 200 feet.These domes are particularly common in Sections 18
and 19.564
Cawley Quarry
Locality 53
A typical exposure is the Cawley Quarry (SE 1/4, SW 1/4,
Section 18, elevation: 890 feet), just north of County Highway W.
The quarry is a small two-man operation that began in 1948.The
quarry is a small two-man operation that began in 1948.The quarry
is about 10 feet deep and is medium-bedded, well-bedded, light gray,
fine-grained, non-porous dolomite with stylolitic bedding planes. A
bedding surface is the southwest corner of the quarry, approximately
three feet down from the bedrock surface, shows a number of slightly
curved large pelmatozoan stems one to three feet long, having a ran-
dom orientation. A few silicified fossils, including Heliolites are also
present. At least four low domes are present in the quarry, but no
reef structure can be seen.Large-scale polygonal joints as seen by
Shrock in his 1930 study of the area are present on the surface of these
domes.
United Stone Company Dome
Locality 54
Section 17, T. 8 N., R. 20 E., Menomonee Falls Township, Waukesha
County.
elevation: 870 feet
This dome is primarily exposed in the United Stone Company565
quarry (SE 1/4, NW 1/4, Section 17)on the north side of the rail-
road tracks, and extends into theHalquist Lannon quarry (NE 1/4,
SW 1/4, SE 1/4, Section 17), southof the railroad tracks (seeFigure
77).
Raasch (1922, unpublished fieldnotes) first observed this dome,
stating that "a quarry in the top ofthe hill shows the same rockas in
the surrounding quarries." Healso noted that the beds in the sides
of the dome dipped downward.
Mikulic (1977, p. A28) describedthis dome in some detailas
follows:
The dome appears to be somewhatelliptical in shape trend-
ing northwest-southeast with dipsup to 20 degrees radiating
from the center.The rock here is generallyfine-grained,
dense, thin- to medium-bedded,light gray to white, weather-
ing buff dolomite. Weathered surfacescommonly have
scattered pelmatozoan debris.
To the south of the railroadtracks is the Lannonquarry
of the Halquist Stone Company.Its northwall is approximately
50 feet high and showsa typical succession of the Lannon
beds.At a point just southeast of theUnited Stone Company
Quarry dome the Lannon. bedscan be seen dipping to the
east, west, and southover the nose of the structure thatap-
pears in the floor of the Halquist Quarry.It is between 150
to 200 feet from this point to thecenter of the dome at the
United Stone Quarry.
An examination of the "reef"rock exposed in the floor ofthe Halquist
Lannon quarry shows the rockto be massive, irregular breaking,
very crystalline (with an almost glassytexture), locally porous,
dense, hard, medium- to light-graydolomite, mottled white-yellowish
gray.There are a few scattered fossilswhich include primarily566
articulated rhynchellid brachiopods, some pelmatozoan stems, and
gastropods.The exposed portion of the "reef" is about 50 feet long
and dips to the south.The surface is somewhat irregular with up to
one foot of relief.The overlying beds appear to be draped over the
Il reef." The strata above the "reef" are dense, fine-grained, well-
bedded dolomite with a conchoidal fracture.
Lake Shore Stone Quarry
Locality 55
SW 1/4, NE 1/4, Section 18, T. 8 N., R. 20 E., Menomonee Falls
Township, Waukesha County.
MPM x37. 4
elevation:889 feet (water), 900 feet (outcrop)
There is a large nearly water-filled quarry, approximately 70
feet deep, now used as a swimming beach in Menomonee Park, north
of Lannon (see Figure 78).
This quarry was once operated by the Hadfield Company in 1891
(see Loerke, 1978, for history).
Alden (1904, unpublished field notes) described a section of this
quarry and some glacially-related features in detail.He later (1918)
published a similar description of these same features with an ac-
companying photograph of the quarry.
Raasch (1922, unpublished field notes) described the quarry567
Figure 78. Airphoto (A) andlocality map (B) of the LakeShore
Stone Company quarry (nowMenomonee Park, locality 55).
Airphoto from SoutheasternWisconsin Regional Planning
Commission. Dashed lines showlocation of domes.A
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as follows:
The topmost beds exposed in about a four-foot section in the
northeastern part of the quarry probably are equivalent to the
strats east of the village.Below these and separated from
them by a marked unconformity is a second series consist-
ing of light brownish gray dolomite inbeds usually about a
foot thick. When damp the rock becomes a much deeper
brown. Most of the layers are full of nodules of conspicu-
ous white chert; others contain cavities lined with druzy quartz
crystals.At certain horizons fucoidal markings resembling
Buthotrophis gracilis occur.Fossils are quite common in
the chert nodules.The fauna is unique to this section of the
state.
The fossils collected from the chert were as follows:
Plant remains 1 sp.; Diplophyllum 1 sp.; Favosites niagarensus;
Streptelasma? 1 sp.; Crinoid columns C; Bryozoan 1 sp.;
Lichenalia concentrica C; Leptaena rhomboidalis 1 sp.;
Plectambonites transversalis C; Bilobites bilobus 2 sp.;
Atrypa-like #1, 2; Atrypa-like #2,1; Spirifer radiatus 1;
Meristina 2 sp.; Nucleospira 2 sp.; Calymene? 1 sp. Proetus?
C.
The fauna is certainly unlike the Racine or the Waukesha
chert faunules.
Below the cherty beds and decidedly unconformable to
them is a third set of strata consisting of hard, compact,
heavy-bedded dolomite, light gray in color and very fine-
grained.The bed was not worked for fossils.
All the strata in this vicinity dip to a marked degree in
every direction and tend to form mounds and arches.
Shrock (1930, unpublished field notes) made a detailed study of
the quarry and measured the following section (from the bottom of
the quarry at the sump):
Bed 1.Gray, dense, compact crystalline dolomite in irregu-
lar layers averaging 2-4 inches thick.This unit has
numerous small holes 1/2-3 inches across.Breaks
with a sem-conchoidal fracture.Separation planes
are almost all stylolite seams. Surfaces uneven and
somewhat rolling 11 ft. 6 in.570
Bed 2.Dark gray dolomite similar to Bed 1.With many
stylolite seams but indistinct layers.Contains
several zones of darker colored dolomite charac-
terized by numerous small holes and nodular
mottled appearance. 4 ft.1 in.
Bed 3.Mottled buff and gray, dense, compact crystalline
dolomite with rough splintery fracture.The lower 2
foot bed is characterized by a large number of holes
some of which are lined with quartz 17 ft.4in.
Bed 4.Fairly even-bedded, gray dense compact dolomite
with conchoidal fracture.In this unit there are
several layers with holes in them.The rock becomes
thinner bedded towards the top until the last 4 feet
which are reefy.This reefy condition on south face
of quarry in places becomes 6-8 feet thick andthe
overlying thin layers of Bed 5 domeup
over it 18 ft. 2 in. to
26 ft.8 in.
Bed 5.Flaggy, gray, dense, compact dolomite in layers
averaging 4-7 inches thick.Irregularly dipping on
flanks of small mounds. Several of the layershave
small holes in them. 6+ ft.
Bed 6.The 1 1/2 feet, called Bed 6 here,are buff-colored,
somewhat sandy and in placescavernous.The surface
is beautifully striated S. 80°E 1 ft. 6 in.
Shrock added that:
In the field north of the quarryare several small dome-like
mounds of rock belonging to this unit (Bed 6).The surface
of these mounds is cut with solution channels,or widened
joints, which cut the rock into large polygonalblocks.
Relief 5-8 feet above the flat.
The owner of the quarry reported tous that 75 feet
of stone similar to Bed 5, averaging 1-6 in.thick, had
been removed from above the presentquarry where a large
hill was once present.
Sometime after Shrock visit in 1930 thequarry was abandoned and
filled with water.In 1960 Waukesha County purchased thequarry571
as a park site.
Mikulic (1977) briefly described the current exposures at the
quarry.
Rock is exposed around nearly all of the quarry above the water
level, but less than 10 feet of exposure is present in most areas.Both
Shrock and Alden were informed by quarry workers that a large hill of
rock was once present at the quarry site, but it was removed before
either of their visits.
Several domes and apparent carbonate buildups are still visible
in these exposures along the west wall, behind the swimming beach
and north of the bath house, a bed can be seen thickening and then
thinning from south to north.The overlying beds dome up slightly
over this structure, which is only a couple of feet thick at its maxi-
mum thickness.No fossils were observed in these beds. Along the
east wall several domes can be seen in the bedrock surface.In the
south half of the east wall a dome reaches a height of four feet and
200 foot diameter.The quarry wall next to this exposure exhibits a
peculiar, very irregular, thick bed (which may be related to the
dome) both underlain and overlain by normal, well-bedded strata.
Along the east half of the south wall a similar dome having a diameter
of about 75 feet and a height of two to three feet is exposed.This5 72
dome is described by Mikulic (1977).Around the outer margins of
the dome scattered orthocones and curved pelmatozoan stems up to
a foot long occur in a random orientation.These pelmatozoan stems
increase in abundance towards the dome and possible algal-related
structures cover the entire surface and both pelmatozoan stemsand
cephalopods are absent.
A number of small outcrops are present west and northwest of
the quarry in NW 1/4, Section 18, and SW 1/4, Section 7.Some are
reefy in appearance and may represent additional carbonate buildups.
Shrock also observed these outcrops and described them as follows
(MPM x37.30, elevation: 900-920 feet):
...there occur a number of small mounds and ridges of
a buff, porous crystalline dolomite full ofcrinoid stems
and other fossils.The rock is massive, without distinct
bedding, and breaks into large honey-combed or pitted ir-
regular blocks with crumbly fracture.This rock probably
represents a facies of the Racine formation.The mounds,
usually a hundred feet or more across, rise from 8-20 feet
above the surrounding marsh.
Locality 56
Section 7,T. 8 N., R. 20 E., Menomonee Falls Township, Waukesha
County.
MPM x37. 31
elevation:93 0 feet
Shrock (1930, unpublished field notes) made the following ob-
servations in this area:573
Here there occurs a low mound of rather slabby,
dense, compact, light colored, earthy dolomite which is
very probably the upper part of the Waukesha.
The north-south road runs over the pavement formed
by the beds, slightly inclined toward the south.
A short distance northeast at the same elevation two
similar mounds occur, partially covered with large glacial
boulders.
Farther east still and about the same elevation rock
of Racine age is at the surface as indicated by the many
fresh slabs and character of the vegetation.
Sections 7 and 8,T. 8 N., R. 20 E., Menomonee Falls Township,
Waukesha County.
MPM x37. 32, x3 7. 33
Shrock described exposures in this area in his unpublished field
notes from 1930:
Along the road, and also in the fields on either side of the
road are low rock-strewn mounds of Racine.Their general
elevation is between 900-920 feet A. T. (MPM x37. 32)
Numerous exposures on either side of the road of a light
salmon-colored to buff, porous to cavernous, somewhat
slabby to massive dolomite.In the quarry, opened in a
small dome, the rock is a nodular appearing, gray to buff,
slabby dolomite (2-4 in. ) crystalline dolomite.The surface
of the dome shows deeply weathered joints which divide the
rock into large polygonal blocks.The rock seems to have
been quarried for rough masonry stone.It is full of small
holes 1/2-1 in. across and is irregularly separated. (MPM
x37. 33)574
Locality 57
NE corner, Section 6, T. 8 N., R. 20 E., Menomonee Falls Town-
ship, Waukesha County.
MPM x 37.34
elevation: 880-900 feet
Shrock visited this exposure in 1930 and described it as follows
(unpublished field notes):
In the very corner of the section, about 150 yards from the
end of the road there is a small surface exposure of a blue
crystalline dolomite of rather coarse texture, resembling
some phases of the Racine.It appears to be massive and
is considerably channeled by solution. Rounded off by
glaciers.Weathers into boulders full of pits and cavities.
When fresh has a slightly mottled appearance. A few small
holes.
About 1/8 mile north there are numerous small mounds
or ridges of light salmon colored to buff, porous earthy dolo-
mite which where weathered breaks into large honeycombed
blocks or boulders or into slabs 6 inches thick.The rock has
a somewhat modular appearance and some of the layers show
structures which resemble cross bedding.575
Locality 58
W 1/2, Section 9, T. 8 N., R. 20 E., MenomoneeFalls Township,
Waukesha County.
MPM x37. 7
elevation:885 feet (top of bedrock)
Raasch (1922, unpublished field notes) observedexposures in
pastures, woods and roadcuts, one and one-half mileswest-southwest
of Menomonee Falls and described themas follows:
Best exposures lie south of the railroad crossingin a wooded
pasture to the east of the railroad.Here an outcrop of con-
siderable size shows abouta seven foot section of massive,
granular dolomite of the Racine beds.Crinoid columns abound
as well as numerous brachiopods in a poor state ofpreserva-
tion.The following were found: Lecanocrinus pisiformis;
Atrypa reticularis; A. nodastriata, Rhynchotretacuneata
americana; Sprifier radiatus(?); Camarotoechia neglecta(?)....
The formation is undoubtedly typical Racine.The strata are
heavily bedded, but show no signs of reefstructure.The rock
is exposed as follows:
(1) mounds in the pasture just mentioned
(2) mounds in wooded tractsacross the tracks from (1)
(3) mounds in fields about 1/4 mile south of(1)
(4) about two feet exposed at roadsideat schoolhouse
about 1/4 mile northwest of (1)
(5) a foot or so along highwaya short distance south
of (4)576
Menomonee Falls
Locality 59
E 1/2, SE 1/4, SW 1/4, Section 3, and W 1/2, SW 1/4,SE 1/4,
Section 3, and NW 1/4, NW 1/4, NE 1/4, Section 10, andNE 1/4,
NE 1/4, NW 1/4, Section 10, T. 8 N., R. 20 E.,Menomonee Falls
Township, Menomonee Falls, Waukesha County.
MPM x37. 1 and x3 7. 2
elevation: 830 feet (at dam); 790 feet (south end of exposures);
800 -830 feet (Appleton Avenue roadcut); 850 feet (school
on Main Street)
There are a number of bedrockexposures from the dam on
the Menomonee River, just north of Main Street(State Highway 74),
south through Lime Kiln Park (locality 59).Outcrops continue west
from Lime Kiln Park along the 800 foot contourto the west side of
W. Appleton Avenue; widening of Appleton Avenueformerly exposed
bedrock for about10 mile north of the 800 foot contour.Exposures
are also found east of the dam on the north side of Main Street,.15
mile east of Hayes Avenue.
From the distribution and characteristics of theseexposures
it appears that a bedrock hill (possibly reef-controlled)is located
on each side of the Menomonee River at this location.
Quarries and lime kilns were operated from 1845until 1894577
along the river (Loerke, 1978, p. 9).
Lapham (1846, p. 117) described this locality as follows:
At the place called the Menomonee Falls, 15 miles from
Milwaukee, this river passes between perpendicular banks
of limestone, sometimes thirty feet in height.There is a
fall here of forty-eight feet, in the space of half a mile,
and mills have been erected here.There is no perpendicu-
lar fall of water.The limestone may be quarried in layers
of any desired thickness, and much of it is of an excellent
quality for building, and even for ornamental purposes,
being hard, and of a uniform texture, resembling marble.
Some layers are filled with small cells or cavities, occa-
sioned probably by the decay of some mineral substance that
once filled them.This variety is probably the best for the
manufacture of lime, requiring less fuel than the more com-
pact variety.
Lapham (1873, unpublished field notes) made a more detailed
study of these outcrops along the river and recognized thecomplexity
in the distribution of rock types near the dam, but did notrealize a
reef was present.His description is as follows:
There are 3 or 4 different layers of limestone; the lower
most abundant constituting the bed at the river thewhole
distance.It is stratified but the layers much broken by
perpendicular joints - -no fossils.
The second layer is porous, yellow, and soft; just
suited for quarrying and burning for quick-lime.It re-
sembles the rock at Cedarburg.
The third layers is more crystalline, made up largely
of joints of crinoids; same that may be seen in the road on
Section 8, about two miles southeast from the Falls.
Many loose blocks indicate another layer containing
Halysites, Favosites, etc. of the Niagaran limestone. This
was not seen in place--but doubtless belongshere.
The varying dip of the rock indicates former disturb-
ances--one of which by telling up the stratahas given origin
to the Falls.
G. 0. Raasch made a collection of fossils from excavations578
along W. Appleton Avenue (formerly U.S. Highway 41) when the road
was widened in the 1920's.The fauna he collected, now in the
Milwaukee Public Museum collections, was typical reefal Racine
Dolomite, as exposed around Racine.
Shrock (1930, unpublished field notes) described the exposures
in this vicinity.At the quarry in the present Lime Kiln Park he ob-
served the following section:
Unit 1.This irregularly bedded, somewhat modular-
appearing, gray, dense, to saccharoidal dolomite.
The upper and lower parts flaggy-middle a bit modu-
lar and massive. Exposed in an old quarry and above
in the street.
Unit 2.Even bedded, fairly even-grained, dense, gray
dolomite, which breaks into rectangular blocks with
smooth fracture.Buff when weathered... lower part
cherty.
This area was also briefly described by Mikulic (1977).
Several temporary exposures have been uncovered in the last
few years in this vicinity.In 1975 the dam was opened, lowering the
water level and exposing rocks on the east side of the river where a
small point projects towards the west.This exposure was about five
feet high and consisted of flank beds dipping 20° northwest at its
southern end, leveling out to horizontal beds on the north.The rock
is medium-bedded, light gray, granular, poorly fossiliferous dolo-
mite with scattered small vugs and stylolitic bedding planes.At the
southern end of the exposure more reefoidal-appearing rocks were579
present, consisting of thick-bedded, porous, vuggy, fossiliferous
dolomite. From the rock-controlled point to the dam there were no
exposures, with the exception of a small exposure adjacent to the
dam.This rock was massive, dense, granular, somewhat porous
dolomite with pentamerids and other large fossils.On the south side
of the dam permanent exposures are present which consist of mainly
reefal beds, more massive towards the north and dipping towards
the south, at the southern end. From approximately the bridge south
few exposures are seen until Lime Kiln Park is reached where a
narrow 15 foot deep gorge has been cut by the river through Racine
beds having a "Lannon"-like lithology.This exposure continues
southward to the old quarry and lime kilns.
In the early 1970's Appleton Avenue was widened from approxi-
mately the 800 foot contour north to Garfield Avenue.The rock un-
covered was highly fossiliferous, reefoidal Racine Dolomite, the same
as was collected by Raas -ch when the road was widened in the 1920's.
A water-well log (Wk-4), on file at the Wisconsin Geological and
Natural History Survey, gives the following information on the entire
Silurian sequence a short distance to the northwest of these exposures
(SE 1/4, NW 1/4, SW 1/4, Section 3, elevation: 880 feet):
Drift 27 feet
Light gray dolomite 143 feet
Cherty, light gray dolomite 35 feet580
Light gray dolomite 55 feet
White and pinkish dolomite 20 feet
Light gray dolomite 15 feet
Gray dolomite, some chert 20 feet
Light gray dolomite, pink shale 5 feet
Light and dark gray dolomite 10 feet
Dark gray dolomite, shaly, with some chert ..20 feet
This is underlain by 160 feet of Ordovician Maquoketa Shale (the
log assigns the lower 35 feet of the Silurian to the Maquoketa).
Locality 60
Center N 1/2, Section 36, T. 8 N., R. 20 E., Menomonee Falls
Township, Butler and Menomonee Falls Township, Waukesha County.
MPM x37. 29
elevation:710- 72 0 feet
There are a number of low outcrops near the intersection of
the Menomonee River and a small, southward-flowing tributary.
Shrock described these outcrops as follows in his 1930 unpub-
lished field notes:
Flaggy, light-colored dolomite is exposed for several
hundred yards along the river's shallow bed and for some
distance (200 yards) up the small tributary.
The rock has a roughly conchoidal fracture, and
breaks or weathers into lenticular, platy slabs pitted with
large shallow depressions made by conchoidal fracture.581
The rock is fine-grained, somewhat earthy and
probably represents the lower beds of the City Quarry
(Currie Park quarry) a short distance southeast.
The river bed for a long ways is filled with shingle
from the exposure which nowhere exceeds 5 feet in thick-
ness.
Just to the north of these outcrops, on both sides of the river,
and south of Silver Spring Drive, a large amount of rock excavated
from various Milwaukee County sewer tunnel projects has been
dumped in landfill sites through the 1960's and 1970's.
Locality 61
NE 1/4, Section 4, T. 8 N., R. 20 E., Menomonee Falls Township,
Waukesha County.
Unpublished locality maps in the Milwaukee Public Museum
show outcrops in this vicinity, but they have not been described.
Locality 62
Section 2, T. 8 N., R. 20 E., Menomonee Falls Township, Waukesha
County.
Alden's (1918) map indicates outcrops in this area.582
MILWAUKEE COUNTY
The Silurian rocks in Milwaukee Countyare overlain by zero
to 300 feet of Quaternary sedimentsaveraging about 100 feet in thick-
ness.In addition to this, over 150 feet ofDevonian rock overlies
the Silurian in the northeasternpart of the county.In a few restricted
areas in the southwestern portion of the county the Silurianhas been
completely eroded.The thickness of the Silurian increasestowards
the east-northeast reachinga maximum thickness of about 500 feet,
but averaging around 300 feet.Silurian reefs form topographic high
areas due to the resistant nature of the reef rock.Because of the
Quaternary cover there are fewareas with bedrock exposures in the
county, only in a small area of the north-centralpart is bedrock
close to the surface.Most natural exposuresoccur along the
Menomonee and Root Rivers and their tributaries.Devonian expo-
sures are found along the Milwaukee River and LakeMichigan.
Figure 79 indicates the localities referredto in the text.
Because the county has been the site ofurban growth for over
100 years most of the natural outcropshave been quarried for build-
ing stone, lime, crushed rock, andother such materials. Most of
the quarrying activity occurredin the late nineteenth century and
early part of this century. Atone time there were over twenty
quarries and stoneipits in the county, butonly two (the adjacent5 83
Figure 79. Locality map of Milwaukee Countyshowing numbered
localities referred to in text.Structures to the right
of the county on the mapare possible Silurian reefs in
Lake Michigan.5B4585
quarries at Franklin, locality 70) are still operating.Urban expan-
sion has forced most of the other quarries to close and many have
been completely covered, and because of the development of thearea
it is highly unlikely that any new quarries will be opened.However,
sewer tunnel construction and other temporary construction-related
exposures have and will continue to produce substantial new informa-
tion on the local geology of the area.
Many of the early observations on Wisconsin Silurian rocks were
based on Milwaukee County exposures due to the early quarrying
activity in this area.The natural exposures and most of the quar-
ries were in the Racine Dolomite.The Franklin quarries currently
exhibit the Waukesha Dolomite and Brandon Bridge Beds underlying
the Racine. A number of cores in the center of Milwaukee and also
at Franklin present a complete section of the Silurian.
Airport Runway Underpass
Locality 63
SW 1/4, NW 1/4, NW 1/4, Section 33, T. 6 N., R. 21 E., Lake
Township, City of Milwaukee, Milwaukee County.
elevation:
In the 1960's the main southwest-northeast runway at General
Billy Mitchell Field was extended west across W. Howell Avenue
(State Highway 38). An underpass was constructed approximately5 86
20 feet beneath the level of therunway and a few feet of Racine
Dolomite were exposed. The rockis typical reefal Racine Dolomite
with some inter-reefor pre-reef beds also present.The fauna and
lithology are the same as that foundin the Racine area quarries.
The rock is a dark gray, fine-grained,crystalline, porous, vuggy,
massive, fossiliferous dolomite, and thefauna includes Bumastus
ioxus, Kosovopeltis acamus(?), Favosites,and pelmatozoan stem
sections.Several of these rockswere found with a single, highly
polished surface resulting fromPleistocene glacial activity.The
excavated material was dumped aboutone-half mile to the south in
a field north of W. Uncas Avenue and S. FirstStreet in Milwaukee.
Howell Avenue Sewer Tunnel
Locality 64
Along the boundary between Sections21 and 20, T. 6 N., R. 22 E.,
Lake Township, City of Milwaukee,Milwaukee County.
elevation:
In 1965 a sewer tunnelwas constructed along S. Howell Avenue
from W. Plainfield Avenue to W.Layton Avenue in Milwaukee.Typi-
cal Racine Dolomitewas encountered at a depth of 112 feet ina shaft
at Plainfield Avenue and in lateraltunnels excavated ata depth of 130
feet.The rock was dumped ata landfill site north of Layton Avenue
around S. 9th Street.The rock is a lightgray, porous, crystalline,587
massive, fossiliferous dolomite.Abundant disarticulated pentamerid
brachiopods and common pelmatozoandebris (including 1/4 inch
diameter stem sections) predominate;small scattered colonies of
Halysites, Favosites, and Heliolitesare also present.Litho logically
and paleontologically the rock isthe same as the Racine Dolomitein
the Racine area, and is probablyreefal.The following fossils have
been identified by A. J. Boucotin U. S. N. M. collection No. 12572
made by William Bode:
Carmanella sp.- 491
Delejina sp.- 4
clorindid- 1
"Doloerorthis" flabellites- 2
Coolinia(?) sp.- 1
Monomerella sp.- 3
Dinobolus(?) sp.- 3
Meristina sp.- 2
unidentified brachiopods- 10
Brachyprion (Protomegastrophia)profunda - 111
trilobites
Caryocrinites sp.
orthoceroid- 1
Macropleura cf. eudora- 2
"Poleumita" sp.
Pennsylvania Avenue Sewer Tunnel
Locality 65
Section 34, T. 6 N., R. 22 E.,Lake Township, Cudahy,Milwaukee
County.
elevation:
A sewer tunnelwas constructed in the mid-1960'salong the west588
side of S. Pennsylvania Avenue between W. College and Grange
Avenues, just east of the General Billy Mitchell Field airport. A
large amount of typical reefal Racine Dolomite was dumped in fields
near the main shaft.Dipping reef flank beds could be seen in the
shaft itself (K. G. Nelson, 1967, personal communication).Litho-
logically the rock is the same as that from the airportrunway under-
pass to the west, but is lighter gray in color.The fossils collected
were mostly small, rounded favositids, locally abundant pelmatozoan
stem sections, pentamerid brachiopods, a few other brachiopods and
gastropods, and the trilobite Bumastus ioxus.Litho logically and
faunally this rock is the same as that found in the Racinearea quar-
ries.
Texas Avenue Reef
Locality 66
SE 1/4, Section 10, T. 6 N., R. 22 E., Lake Township, Milwaukee
County.
MPM x31.6
elevation: 578 feet
A low bedrock exposure is located in the bed of LakeMichigan,
approximately 100 yards from the shore, under two feet of waterat
east end of Texas Avenue in Milwaukee.This submerged outcrop was
first mentioned by G. 0. Raasch (1939, unpublished fieldnotes).589
In 1959 construction of theTexas Avenue intake tunnel (which
is nine feet in diameter and extends7600 feet east of the shore)re-
sulted in the excavation of rockfrom this outcrop.J. Emielity col-
lected some of this material dumpedon the beach from about 1300
feet offshore; this collectionis now in the Milwaukee PublicMuseum
(No. C 1882).This rock is light gray, fine-grained,vuggy dolomite
which is stylolitic in places and hasan irregular breakage.Calcite,
marcasite and asphaltum fill thevugs.There is fine fossil debris
some of which might be pelmatozoans, but largepelmatozoans are
absent. Some of the pentarmeridsappear to be in a denser rock
which is possibly layered andnot massive. Fossils found in these
rocks include: Heliolites and othertabulates in small colonies,
stromatoporoids or algae,a rugose coral, a gastropod, and penta-
merids.
Wolosin (1972) briefly described theproperties of the asphaltum
in these samples whichwas found to be possibly bacterially altered
Michigan Basin-type oil.The only otheroccurrences of asphaltum
in southeastern Wisconsin include thequestionable occurrence in
Kenosha mentioned by Percival (1856),exposures of the Middle
Devonian Milwaukee Formation alongthe Milwaukee River, anda
possible occurrence referredto by Alden (1906) in the Currie Park
Quarry. Some boulders havebeen found along the Lake Michigan
shore in Grant Park, to thesouth of this outcrop, whichalso contain590
asphaltum. Asphaltum iscommonly found in the Silurianreefs of
the Chicago area.
A large number of submergedmounds are found offshorefrom
the Texas Avenueexposure south to Oak Creek; thesemay represent
additional submerged Silurianreefs.
1967 Sewer Tunnel AlongS. 27th Street Between
W. Layton and Howard Avenues
Locality 67
Along the boundary betweenSection 24, T. 6 N., R. 21E.,
Greenfield Township, andSection 19, T. 6 N., R. 22E., Milwaukee
County
The rock excavated in thissewer tunnel is lithologically and
faunally typical reefal RacineDolomite as exposed aroundRacine.
The rock is light orange-brownin color, crystalline,porous, vuggy,
and massive dolomite whichis highly fossiliferous withabundant
pelmatozoan stem sections andfew calyces, trilobites(chiefly
Sphaerexochus), a few brachiopods,bryozoans, and variouslysized
favositid corals. Sometypical cherty WaukeshaDolomite was also
excavated.Material was collected froma dumpsite located under
the present parking lot ofthe American AutomobileAssociation
building at the southwestcorner of S. 27th Street and W.Bottsford
Avenue, just north of InterstateHighway 1-894.591
Loomis Road Outcrop
Locality 68
NW 1/4, NE 1/4, Section 3, T. 5 N., R. 21 E., Franklin Township,
City of Greendale, Milwaukee County
MPM x31. 4
Bedrock outcrops of typical crinoidal Racine Dolomite on the
east side of Loomis Road, just northeast of the Root River, have
been exposed at various times in the past.Lapham (1874, unpublished
field notes) mentioned a Racine Limestone quarry in the NE 1/4 of
Section 3 belonging to Reed and one in the SE 1/4 of Section 3 belong-
ing to Schwartz.Alden (1096, p. 2) also mentioned small outcrops
and a quarry in this general vicinity, showing their locationon his
Areal Geology Map. Raasch (1940, unpublished field notes) reported
that a small, filled quarry was located near the outcrop.Most re-
cently, road construction in the late 1960's temporarily exposeda
few feet of Racine Dolomite in this area.
Hotchkiss and Steidtman (1914, Plate XVI) indicated a quarry
or outcrop about one mile northeast of this locality on the east side
of Loomis Road (approximately the SW 1/4, NW 1/4, Section 35,
T. 6 N., R. 21 E. ).There is presently a small pond at this location
in Scott Lake Park, but no outcrop can be seen.592
Root River Outcrops
Locality 69
SE 1/4, SE 1/4, Section 3, T. 5 N., R. 21 E., Franklin Township,
City of Franklin, Milwaukee County.
MPM x31. 7
elevation:
A few feet of typical crinoidal Racine Dolomiteare exposed in
a low bank on the south side of the Root River just north of Rawson
Avenue.
Franklin
Locality 70
NE 1/4, Section 10, and NW 1/4, Section 11,T. 5 N., R. 21 E.,
Franklin Township, City of Franklin, Milwaukee County
MPM x31. 3
elevation: 710 feet
There are a number of quarries and outcrops exposed along the
Root River, south of Rawson Avenue, for approximately .5 mile (see
Figure 83).
In his unpublished field notes Hale (1860) mentioned that he
was informed by I. A. Lapham that there was a locality of Racine
Limestone in Section 10, T. 5 N., R. 21 E.593
Figure 80. Airphoto (A) and localitymap (B) of the Franklin quarries
(locality 70), Milwaukee County.Airphoto from National
Archives and Records Service, General ServicesAdminis-
tration, No. WX-1B-83, date:10-45-41.594
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Lapham (1874, unpublished field notes) stated that there was a
Racine Limestone quarry belonging to Leo in the NE 1/4 of Section 10
and also that there was a quarry or outcrop at the bridge on the south
line of Section 3.
Alden (1906) reported that there were outcrops along the Root
River in this area and showed their location on his Areal Geology
Map.
In 1930 Shrock (unpublished field notes) gave the following de-
scription of the area:
In the center of the east 1/2 Section 10 a cliff 8-15
ft. high of slabby, buff, porous dolomite is found at one
place on the south side, where it becomes massive with
rather indistinct bedding; and on the north side further east
where there is a bluff of about 10 ft. of slabby to massive
rock of a nodular nature.
Farther south along the stream rock similar to that
just described is exposed over several hundred square feet
near the stream on the east side.
In 1940 Raasch (unpublished field notes) made a more detailed
study of the outcrops in this vicinity prior to the start of quarrying
activities.Hs description of the exposures is as follows:
All outcrops lie in NE 1/4, and extend from the bed of the
Root River to the summit of the knolls to NE., and to a
maximum height of 30-35 feet above the river level.
The rock is typical Racine dolomite, in several
slightly different phases. Most common is a rich buff to
light buffy brown, rather fine-grained, moderately porous
dolomite, weathering to flat-sided blocks of paving stone
size.Also common is a knobby phase, with interspaced
porous and hard cryp to crystalline area, causing the rock
to weather with a pitted phase.This phase occurs in mas-
sive ledges 5-8 feet thick & horizontally bedded.Fossils596
are not common and occur mainly in the highly crinoidal
local areas.Noted or collected are the following:
Favosites (poor; small masses)
Stromatoporoid (locally common)
Zaphrentis racinensis
Caryocrinus ornatus
Lecanocrinus pisiformis
Collicrinus cornutus
Atrypa reticularis
Leptaena rhomboidalis
From the highway bridge at the north edge of the section
for a distance of 1/8 mile downstream the outcrops are low
and confined to the left bank of the stream, where they never
rise more than five feet above the water. Most of the fossils
come from this area.
One-eighth mile down stream steep crags (rise) verti-
cally 15 to 18 feet above the river, on banks.
From this point, the outcrops decline rapidly on the
right bank and gradually on the left bank, disappearing a
short distance north of the center line.
In the woods, northeast of the stream, ledges lie exten-
sively at the surface, and the rocky plateau has very thin and
sterile soil.The highest beds occur here, but there is no
vertical change in lithology and fauna in the entire 30 to 35
feet of exposure.
This last exposure described by Raasch was the site of the first
quarrying operation which began sometime after Raasch's visit and
August, 1941.This site is in the northwest corner of the present
Franklin Stone Products quarry north of the crusher at the north
entrance ramp. Air photos from August, 1941, indicate that the
quarry was less than 50 feet deep and was located on the north side
of a bedrock hill.In 1942 Raasch made several collections (now in
the Milwaukee Public Museum collections) from this locality (then
called the Milwaukee Limestone Products Company). He referred597
to these fossils as coming from a gastropod bioherm (MPM No. C 1133)
and a Bumastus bioherm (MPM No. C1134). Examination of this ma-
terial indicates that at least the Bumastus bioherm collection is typi-
cal Racine Dolomite reef-core rock.
There are currently two large quarries on the east side of the
Root River.One, the Franklin Stone Products quarry extends south
along the Root River from the original quarry site.The other, Vulcan.
Materials Company quarry is located directly east and north of the
Franklin Stone Products quarry.The quarries are separated by a
thin rock wall which is in the process of being removed by quarrying.
Both quarries have a maximum depth of approximately 150 feet.The
Racine Dolomite, Waukesha Dolomite, and upper Brandon Bridge beds
are exposed in both quarries. A core drilled in the floor of the Vulcan
Materials quarry reveals that there are over 100 feet of Silurian rocks
beneath the exposed units, making a total thickness of approximately
260 feet for the Silurian beds here.
The following description of the Silurian (see Figure 81) at this
locality is modified from Mikulic (1977).
Racine Dolomite. The Racine Dolomite is approximately 80 feet thick
in the Franklin quarries; an undetermined thickness of Racine has
been removed at this locality by post-Silurian erosion and glacial
activity.The Racine beds at this locality are faunally and lithologic-
ally the same as those exposed around Racine, the only difference598
Figure 81. Section through the Silurian at the Vulcan quarry at
Franklin (locality 70) Milwaukee County based on
exposures and core information.50
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being a predominant brownish colorationas opposed to gray at
Racine.
The Racine beds are composed of bothinter-reef and reef rock.
The inter-reef beds are located primarilyalong the south wall and
the southern three-fourths of the west wallof the Franklin Stone
Products quarry and in the west, north, andeast walls of the north pit
and the northern two-thirds of the east wallof the south pit of the
Vulcan Materials quarry (see Figure 80). Anumber of reefs are
located in the dividing wall of the two quarries (seeFigure 82), in
the northwest and southeastcorners of the Franklin Stone Products
quarry and in the south wall of the south pit of the VulcanMaterials
quarry. As in the main quarry at Ives, Racine County, thesereefs
in the Racine Dolomite appear to have compressedthe underlying
sediments resulting in large depressions andrises in the quarry
floor.The relationship between the reefs and thisunderlying irregu-
lar topography is well demonstrated inthese quarries.In most of the
north pit of the Vulcan quarry where onlyinter-reef beds are de-
veloped the quarry floor is relatively level,with the exception of
a slight overall dip to the south. As the reefarea along the dividing
wall is approached the floorassumes the characteristic large-scale
depressions and rises associated with thereefs at Ives.Most of
the floor in the Vulcan quarry south pitalso exhibits these large-
scale irregularities, particularly along thewest wall.The Racine601
Figure 82. Reef core and inter-reef beds in the Racine Dolomite
in the east wall of the Franklin Stone Products quarry
(locality 70), Franklin, Milwaukee County.Taken 1969.
Reef core on left, inter-reef on right.602
inter-reef beds along the west wall of the north pit in theVulcan
quarry appear to have a slight southward dip which may be related
to the development of the numerous reefs in the dividing wallto the
south.
A general section in the Racine inter-reef bedsis as follows:
Unit A.Unit A is 29 feet thick, thick- to thin-bedded, crystal-_
line, vuggy, porous, fossiliferous dolomite which ispale yellowish
brown on fresh surfaces and moderate yellow brownon joint surfaces
and lining molds of fossils andvugs.Calcite crystals are commonly
found lining vugs and joints, but take the form ofrhombohedrons as
opposed to the dogtooth spar at Ives.Marcasite is rare, also in
contrast to the Racine area.Fossils are preserved as internal and
external molds and much of the porosity is probablydue to external
molds of small fossil fragments. The rock becomeslighter in color
and thinner bedded towards the bedrock surface.Fossils collected
from fossiliferous rock in theupper 30 feet of the northwest corner
of the north pit at Vulcan quarry consist ofcommon Eucalyptocrinites
and Caryocrinites; common orthoconic cephalopods,including
Dawsonoceras; small rugose corals, andrarer Lampterocrinus,
Siphonocrinus, Favosites, Halysites, rhynchonellidand atrypid
brachiopods.
Unit B.Unit B is 22 feet thick and consists of lightgray to tan,
medium-bedded, argillaceous(?) dolomite.This unit becomes vuggy603
towards the top but is conspicuouslydifferent from Unit A in its
lighter color and by being lessporous and crystalline.
Unit C.Unit C is 19 feet thick and is darkgray, crystalline,
porous, medium- to thick-bedded dolomite becomingthicker bedded
and darker towards the top andvuggy in its upper 12 feet.The vuggy
texture is more prominent inareas with no reef development.The
contact with the underlying WaukeshaDolomite is makred bya sharp
change in lithology anda prominent bedding plane.
It appears that most of the reefsin the Racine began to develop
in this unit.It is of interest, however, thatat least two carbonate
buildups (east half of north wall innorth pit and north half of east wall
in south pit, Vulcan quarry), isolatedfrom the main area of reef
development in the middle of thequarries, appear to stop growingat
the onset of Unit B deposition.In the main area of reef development
individual reefs continued togrow through Unit B deposition.
Along the dividing wall reef flankbeds are locally prominent.
They are characterized bycommon to abundant pelmatozoan stem
sections (1/4 in. diameter, severalinches long), scattered pelmato-
zoan calices, 3-4 in. diameter rounded favositidcolonies, rhynchonel-
lid brachiopods, and bryozoans.
On the floor of the first level inthe southeast corner of the
Franklin Stone Productsquarry a number of fossils were collected
from a very light gray, thick-bedded,crystalline, low porosity6 04
dolomite.Fine pelmatozoan debris was present along with one inch
diameter Dawsonoceras and other orthocones, a few brachiopods,
fenestrate bryozoans and Stenopareia .This represents the highest
stratigraphic occurrence of Stenopareia in the Racine-Milwaukee
area with the possible exception of the Trimborn quarries.It is not
known if these rocks belong to the Racine Dolomite or underlying
Waukesha Dolomite.
Waukesha Dolomite.The Waukesha Dolomite is 55 feet thick and is
characterized by its highly cherty composition.The beds are thin
to medium, argillaceous, non-porous, light gray dolomite.Argilla-
ceous partings are common along some bedding planes giving the rock
a thin platy appearance when weathered.Chert is white to light gray
in the form of discontinuous bands and irregular nodules averaging one
to one and one-half inches thick up to three inches. Some of the
larger lenses of chert contain small size pelmatozoan debris.The
upper two to three feet of the Waukesha are non-cherty.Fossils are
occasionally common on weathered bedding planes, in particular
pelmatozoan debris (including Petalocrinus), bryozoans, and brachio-
pods. A number of graptolites were found approximately 37 feet from
the top of the formation; they include Desmograptus sp., Monograptus
cf. M. priodon, and a retolitid.Trilobites are also present in at
least the lower one-third of the unit and include Stenopareia (most
common), Calymene, and Youngia.There are also horizontal605
burrows and trails found in these beds.The lower beds of the
Waukesha Dolomite are gradational with the underlying Brandon
Bridge beds.
Brandon Bridge Beds. Approximately 26 feet of the upper portion of
the Brandon Bridge beds are exposed in the lower part of the north
pit of the Vulcan quarry.The rock is thin- to medium-bedded and
alternates between a pinkish-gray, finely laminated, highly crystal-
line, non-porous dolomite and a light greenish-gray, argillaceous,
non-porous dolomite which appears to be thinner bedded.The layers
of both rock types appear to be discontinuous and thin, irregularpart-
ings of greenish-gray shale are sometimes prominent. A couple of
thin layers of white chert nodules are present in theupper 20 feet.
Towards the top of this unit the rock alternates between layers of
typical Brandon Bridge lithology and beds similar to the overlying
Waukesha Dolomite; the top of the Brandon Bridge is considered to
be where the last upward appearing bed of Brandon Bridge lithology
occurs. A few compressed cranidia and pygidia of Stenopareia sp.
are present in the exposed portions of the Brandon Bridge.The core
in the bottom of this quarry indicates that approximately 28 feet of
Brandon Bridge lithology underlie the exposed portion of this unit.
The rock becomes more argillaceous towards the bottom with light
gray, fine-grained, laminated dolomite with occasional purple beds
occurring.606
Beneath the Brandon Bridge is approximately eight feet of
highly cherty, crystalline, slightly porous, white dolomite.This
unit contains some crinoidal debris.
Beneath the chert is 57 feet of crystalline, coarse- to fine-
grained, gray dolomite.Several reddish or pinkish horizons are
present which are usually associated with vugs. Pelmatozoandebris
is the only fossil material observed.
The contact between the Silurian and the underlying Ordovician
Mqquoketa Shale is unconformable.
Trimbrogn Quarries-Town of Greenfield
Locality 71
S 1/2, SW 1/4, Section 28, T. 6 N., R. 21 E., GreenfieldTownship,
City of Greendale, Milwaukee County
MPM x32. 1
elevation:
There are a number of small quarries and natural outcrops on
the old Trimborn estate and the surrounding area.The bedrock is
quite close to the surface over most of the SW 1/4 of Section 28
(south of the Root River), NE 1/4, Section 32, and NW1/4, Section
33 in Greenfield Township.J. O'Donnel was probably the first to
begin quarrying for lime in this area in the 1840's (Zimmerman,
1972, Milwaukee Journal) and Werner Trimborn started his lime607
business in 1851.Walling's (1858) map shows two lime kilns located
in the area of N. Grange Avenueon the land owned by P. Welsh
(Walsh).On the south side of Grane Avenue, Timber(Trimborn)
and O'Donnell are each shownas owning a lime kiln.Trimborn
eventually bought the Walsh and O'Donnell propertiesand operated
a thriving lime business in the area during the 1870's and 1880's.
Hale (1860, unpublished field notes) mentionedmany "openings"
(quarries) in the vicinity of Section 33, T. 6N., R. 21 E., but he
could find fossils only in a limited portion ofone of the quarries.The
rock exposed was Racine dolomite.
I. A. Lapham (1873; 1874, unpublished fieldnotes) described
the rock as being lithologically and paleontologicallythe same as at
Racine, a predominantly soft yellow limestone.He also reported that
a 111 foot deep well located near the Trimborn? house,approximately
30 feet above the level of the Root River, didnot reach the bottom of
the limestone.
Chamberlin (1877, p. 362) described theexposures at the
Trimborn quarries in his discussion of theRacine Dolomite. He
found:
At the quarries belonging to Mr. Trimbone(sic) in
the town of Greenfield, Milwaukee County, therock is
chiefly a light buff, porous, granular,brittle dolomite,
rather soft, and in somecases almost griable, and at points
disintegrating to a calcareous sand. A littlecalcite in cyrs-
tals, but no pyrite was seen.The fracture is rough, but
usually along line indicated by the applicationof force, the608
manner in which the force is applied, rather than the nature
of the rock, determining the line of fracture.
But in the southeastern quarry, the rockdiffers con-
siderably from the rest, being harder,more compact, less
brittle, and bluer.
In general, the beds are from 1 1/2 to 3 feet inthick-
ness, but readily split into thinner layers.The beds, though
in general regular and somewhat uniform,not infrequently
thicken, and curve, or undulate.Indeed, the last feature
seems to be a common characteristic whenany considerable
area is considered, so much as to renderany attempt to
get the general dip, by local observations,utterly futile.
These undulations are not regular,nor do they present a
system, as though due to somecommon cause, as contrac-
tion or upheaval, but are ina sense inharmonious with each
other.The phenomenon arises, doubtless,in irregularities
of deposition, and not in subsequent foldingor other disturb-
ance. A little careful study is decisive on this point.One
of the clearest illustrations of this isto be found in the south-
eastern quarry, where the lower bedding jointscan be traced
in a straight line beneath the apparent folding.The next
ones are lost in a thick unbedded mass, over which the
upper layers pass on a considerable curve.
Alden (1899, unpublished field notes) statedthat the quarries
had not been worked since 1889 andgave the following description
...old quarry is found here givinga 10-25 ft. extended
section.The rock dips southwest atan angle of 7° hence
the valley slope cuts across the edgesof the strata and the
rock is but thinly covered by till.The rock face is consid-
erably weathered and shows thin bedsat top thickening quite
rapidly toward the bottom to 1 to 3 ft.Most of the rock is
of uneven, open porous texture, andabundantly fossiliferous.
In places where most irregular, itappears massive showing
little evidence of bedding.The rock has been used prin-
cipally for lime.The dip is somewhatuneven running as
high as 11°S 20°W.In Section 32, NE 1/4 the rock is also
exposed in small quarry belongingto Andrew Anderson.
Mr. Anderson burns a little limeevery year for farmer
trade.Stone is rather massive and ofopen irregular tex-
ture as at Trimbones (sic).In Section 33 the rock isseen
in small excavations thinly covered.609
He (1906) later published a similar description and indicated the
location of the quarries on his Areal Geology Map.
Shrock (1930, unpublished field notes) examined the Trimborn
quarries and found them to be partly overgrown and water-filled
(see Figure 83); he described them as follows:
Racine dolomite is exposed discontinuously along the
south slope of the valley of Root River at the north end of
the exposure, flaggy porous granular beds, about 2-4 inches
thick outcrop, and have very little dip.To the southeast in
a water-filled quarry, the face, about 12-15 feet high shows
the same flaggy beds but with a low dip to the west, and
south, as though they were riding up on a mound to the
northwest where an abandoned kiln is located.
In places these slabbly beds become massive and
reefy.These thicker units probably represent the lateral
fingers of a reef or the place where the normal-reef-rock
change takes place.
Just east of the water-filled quarry are other expo-
sures of the same buff porous, somewhat granular slabby
dolomite.
Orthoce ratites, brachiopods, and one crinoid or
cystid were noted in the slabby beds.
In the meadow northwest of the quarry are numerous
small opwining where the slabby porous dolomite has been
quarried. Two abandoned lime kilns are present near the
stream.
The beds have local dips of 6 °-7°, but these seem to
be associated with small mounds of structureless rock
rather than with anything of regional nature.One of these
small mounds 10-11 feet across and 5 feet high had many
large coral heads some crinoids, and an Illaenus. A coral
something like a Symgopora, but much larger, is very
abundant here.
At the greenhouse about 100 yards south of the cross-
roads and on the east side of the road is a small quarry where
heavy to slabby beds of buff porous dolomite are exposed
dipping to the southeast about 4 °-6 °.About 7 feet exposed.
About 1/8 mile south of the crossroad on the west side of
the road is the old Smith quarry mentioned by Alden. A610
Figure 83.Locality map of Trimborn quarries (locality 71) drawn
by Shrock (1930).After Shrock (1930, unpublished field
notes).See text for details.Smith's
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small hole partially filled with water and rubbish has a
face of about 5-7 feet of slabby porous rock similar to that
just north. An old kiln stands just west of the quarry.
Some of this information was later (1939) published in his work on
Wisconsin Silurian reefs.
Raasch (1940, unpublished field notes) made a detailed study of
the Trimborn quarries and the surrounding exposures:
The rock outcrops at elevation from 6-40 feet above
the level of the Root River and is dominantly crystalline
granular, porous, cream-buff dolomite in beds from 2 1/2
to 4 feet thick, which in weathered outcrops, breaks into
slabs 2 to 5 inches thick.Locally the rock assumes a com-
pact texture with rough cavernous interspaces.The stratifi-
cation is plane, but not everywhere horizontal.Distinct dips
may be observed doubtless a reflection of unseen reefs.For
example, the beds the west wall of (A) dip south and some-
what to the west, along (B) the dip is northwesterly; at (D)
it is markedly northerly.
A small type of crinoid column is almost universally
present but the common large Racine type is scarce. As
usual in the detrital phase, good fossils are local in abun-
dance, in colonial rather than biohermal aggregations.The
largest numbers of specimens come from a point along the
west wall of (B) at an elevation of probably 30-35 feet above
the river.A.15 feet of rock exposed above water level
quarry probably not very deep. Exposure 25-40 feet above
Root River. A = quarry southwest of square kiln.All detri-
tal limestone.B.Quarry northwest of square kiln.Really
a continuation of the upper part of the quarry face of A.All
detrital limestone.C. A shallow quarry at the hillside
kiln.Rock 30-35 feet above river; Poorly exposed, all detri-
tal limestone.D.Quarry northwest of Curtin House (and
on opposite side of road).25-38 feet above Root River.All
detrital limestone.Being worked by government; only quarry
in operation.E.Reefs in field from 20-30 feet above Root
River and 1/8 mile north of Curtin House. Composed of
small rocky knobs composed of little else than Pyncorstylus
in compact gray limestone.The westernmost of these is
the higher.It summit about 30 feet above river.In many613
places the corallites are in horizontalmasses indicating
disturbance of the root rock beforeburial. F & G. Two
small quarries in the detrital phaseof lying east and west
of the parkway, respectively,on the southwest bank of the
Root River. F is 16-20 feet aboveriver and G 6-11 feet.
Exposures poor.H.Small quarry northeast of Curtin
House and on opposite side of road.Detrital phase. Expo-
sure poor; 25-28 feet above River. Avery small exposure
shows in the north road ditch southof the quarry.Detrital
phase and same elevation.
He also described outcrops inSection 33:
Small quarry behind Curtin HouseExposures 8 feet of
detrital phase of dolomite, herewhiter and more vitreous
than in exposures to north (Section28).Rapidly being
filled as dump.Initial dip northeast.
Outcrops in Section 32, NW 1/4,were also mentioned:
Small quarry hole on west side of roadat 16th corner, 1/4
south of section corners.Detrital phase of dolomite in 8
foot face now mostly obscured bydump. Est. 35-43 feet
above Root River.Collected "Orthoceras. " Originalmold
is about 16 inches long withyoung and deflected.Marked
by numerous fine longitudinalstriae; not fluted.Mold not
collected.Also Orthis flabellites,Brachyprion, Zaphrentis
racinensis, etc.
Mikulic (1977) briefly described thesequarries.
In 1967 the water was pumpedout of the main quarry and its
lower 10 feet were visible (seeFigures 84 and 85).Two small reefs
were seen below the normal water-level,one in the west half of the
north wall and the other in thewest half of the south wall.The tops
of both reefs can be locatedby the slightly dipping overlyingbeds
exposed above the water-level.The flank beds of the reefalong
the north wall are cherty whichis unusual as chert is seldom614
Figure 84. Airphoto and locality map of Trimborn quarries (locality
71), Greendale, Milwaukee County.Dots indicate kilns.
Airphoto from National Archives and Recores Service,
General Services Administration, Washington, D.C.,
No. WX-1B-82; date 10-25-41.'615
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Figure 85.Diagram of the main Trimborn quarry (locality 71),
showing general direction of dip of reef flank beds
location of reef cores (R), and location of cherty
beds (C).616a617
associated with any of the reefs in the Silurian of southeastern
Wisconsin. The east half of the quarry is generally composed of
horizontal or nearly horizontal, medium-bedded dolomite with some
chert present near the east end of the south wall.The quarry com-
pletely refilled with water again within about a year.The west wall
of the quarry is very thick-bedded, fossiliferous, porous, granular
to crystalline, light buff dolomite.The beds here dip south-southwest
at 10° or less.The rest of the quarry is in more medium- to thin-
bedded rock.
The bedrock surface rapidly declines towards the south and
east of the Trimborn Farm area. A gravel pit was formerly located
southeast of the farm towards the Root River and basement foundations
recently excavated in this area encountered no rock.Bedrock has
been encountered in basement excavations in the NE 1/4, Section X32,
and NW 1/4, Section 33, during the past twelve years.
Large fossil collections were made in the 1870's and 1880's
from these quarries, most of which were collected by F. H. Day;
this material is now deposited in the Greene Museum at the University
of Wisconsin-Milwaukee and the Museum of Comparative Zoology,
Harvard University.The highly fossiliferous nature of these expo-
sures is reflected in the fact that Day (in Chamberlin, 1877) listed
121 different fossil species that he identified from these quarries.
Additional material was also collected by G. 0. Raasch in the 1940's618
and is now deposited in theMilwaukee Public Museumcollections.
Stenopareia is the dominant illaenidtrilobite found in these
quarries and indicates that the reefsare no younger than Early
Wenlockian (Mikulic, 1977).It is possible that the rock exposed
in this area is not RacineDolomite, but an older unit,since Bumastus,
and not Stenopareia, is thetype of illaenid found in knownRacine
Dolomite reefs.
Currently there isan effort to preserve the historic buildings
on the Trimborn Farm on the south sideof Grange Avenue and it is
hoped that the quarries andkiln to the north of GrangeAvenue will
also be preserved asa historic-geologic park.
Whitnall Park
Locality 72
SE 1/4, SE 1/4, Section 32,T. 6 N., R. 21 E., GreenfieldTown-
ship, Hales Corners, MilwaukeeCounty.
MPM x32. 4
elevation:
A few smallexposures of massive Racine Dolomite(?)are
located in the north end ofWhitnall Park in Picnic AreaNo. 1 and
in the parking lotacross the road.619
Hales Corners Sewer Tunnel
Locality 73
South line, Section 32, T. 6 N., R. 21 E., Greenfield Township,
Hales Corners, Milwaukee County.
elevation:
This sewer tunnel was excavated in 1970-1971 along W. College
Avenue between S. 92nd Street and S. 108th Street.The tunnel was
47 feet deep on the east end and 130 feet deep on the west.
Two lithologies were present, one being typical reefoidal
Racine Dolomite as found around Racine and southern Milwaukee
County.This rock is coarsely crystalline, porous and vuggy,
pelmatozoan-rich, massive- to thick-bedded, light gray dolomite
with moderate yellowish brown coloration in vugs and fossil molds
giving it an overall brownish appearance.Pelmatozoan fossils con-
sist of abundant stem sections and common calices.The following
loose specimens were collected from this rock;
Caryocrinites ornata - 874
Lampterocrinus inflatus - 509
Cyathocrinus sp.60
Siphonocrinus sp. - 48
Callicrinus sp. - 19
Eucalypotcrinites sp. - 26
Zaphrentis racinensis - less than 10
Lindstroemia - 6
Ptychophyllum stokesi - less than 10
Rhynchonellid brachiopods and small rounded favositids were also620
common.
Typical Waukesha Dolomite was also excavated in thissewer
tunnel, accounting for approximately half the volume of rockat the
dumpsite.It is thick-bedded, non-porous, cherty,gray, poorly
fossiliferous, argillaceous dolomite.
Rock from this tunnel was dumped in the west half of the parking
lot of the Hales Corners Speedway between S. 108th Street and
W. Forest Home Avenue in Franklin, Milwaukee County.
At the same time there were othersewer tunnels excavated in
Racine and Waukesha Dolomites on the north side of the Root River
along the Root River Parkway in the SW 1/4, Section 28, T. 6N.,
R. 21 E., north of the Trimborn quarries.
Moody Quarry
Locality 74
SE 1/4, NW 1/4, SW 1/4, Section 30, T. 7 N., R. 22 E.,Milwaukee,
Milwaukee County.
MPM x36. 5
elevation: 640 feet
A quarry and outcrop was formerly exposed along the south-
facing bluff of the Menomonee River valley just east of N.25th Street,
north of W. St. Paul Avenue and south of W. ClybournStreet (see
Figure 86).This exposure was located approximately at the site ofFigure 86. Airphoto (A) and diagram (B) showing location of outcrops
and quarries in the Menomonee River valley in the central
part of Milwaukee County.Airphoto from National
Archives and Records Service, General Services Ad-
ministration, No. WX- 1B- 106, date:10-25-41.622
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the present median strip ofInterstate Highway 1-94 and extended
north across the west-bound lanes ofthe freeway to the bluff.The
cement retaining wall that extends east fromN. 25th Street marks
the covered portion of thisexposure which remained after freeway
construction.
Lapham (1836, unpublished map) indicatedthat there was a
limestone ledge, but no quarry,approximately in the S 1/2 of center
of SW 1/4, Section 30.
Walling (1850) indicated that the landwest of 25th Street and
south of St. Paul Avenuewas owned by W. H. Moody, butno quarry
or outcrop is marked in the area.
The first description of thisexposure was given by T. J. Hale
(1860, unpublished field notes)in his observations ofa Niagara reef
two miles west of Milwaukee (see Figure87):
This is the end of a reef cut off byblasting and exposing
the stratification runningover the hill; it is the end of
a point of land formed by a ravine coming downto the river.It has corals and numerousFavosites.
An accompanying sketch of theexposure show it to be dome-shaped,
giving an anticlinalappearance to the reef beds.Hale's description
is particularly noteworthy in thatit is the earliest record ofany
Milwaukee area carbonate buildup beingtermed a reef.
Lapham (1873, unpublished fieldnotes) mentioned that Moody's
quarry was located in the Milwaukee city limits,the rock being624
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Figure 87. Sketches of the reef structure at the Moody reef
(locality 74) by various authors as indicated on
diagrams.625
formerly burned for lime, but in disuse at the time.
Chamberlin (1877, p. 365) described Moody'squarry as being
located in the 4th Ward of Milwaukee on the side of the bluff facing
the Menomonee River. He considered theexposure to be a reef in
the Racine Dolomite and presenteda diagram (his Figure 46) show-
ing its general appearance, similar to Hale's illustration.Chamber-
lin also mentioned (p. 369) that at this quarry "coralsare propor-
tionately more abundant in number of individuals."
F. H. Day (in Chamberlin, 1877,p. 3 71-3 77) listed 51 species
of fossils he identified from Moody'squarry.
Correspondence between T. A. Greene and Edgar Teller, two
local fossil collectors, indicates that thequarry was again active
from 1881 to 1885, with most of Greene's fossils having beencollected
in the early part of this period.Teller made a few domments in a
letter to Greene dated November 7,1884, about the occurrence of
fossils:
I have been to 26th St. several times but outside of corals
find very little of anything.They moved a large quantity
of stone but owing to its being covered with clay and the
moist state of the weather makes it almost impossibleto
see anything.
In 1898 Alden (unpublished field notes) visited thequarry and
described it as follows:
Just east of the distillery at the 2 7th, 28th St. in the
lower bluff face is the mound of limestone.This is about626
20 ft. high and 60 ft. in length east and west. Above the
rock is about 8-10 ft. of buff sand and sandy clay.These
are laminated and the beds curve up over the rounded sur-
faces of the rock.At the top the rock dips 27° to 38° in
direction N. 35°-38°.In reality it dips down in every direc-
tion as far as can be seen.On the west side the rock dips 37°
to south 47° to the west.
The surface of the rock on the top and east slope is
well glaciated while the west surface seems not to be glaci-
ated (only about one foot of the rock surface is exposed
projecting out from the clays).
At one place a curved surface about one square yard is
exposed.This is well polished and glaciated.The rock
seems to drop down abruptly below the flat, and is not seen
at the sides of the exposures.
The limestone is exceedingly irregular in texture and
rather coarse grained.It is much broken in places but in the
middle is quite solid.On the east slope the rock appears
somewhat bedded at the top.
A few fossils were seen at various places but they
seem to be rare...
Grabau (1903, p. 342) briefly mentioned the quarry as follows:
This old quarry (Distillery quarry) is at the foot of Twenty-
ninth Street.The reef is of the same type as that of the
Wauwatosa quarry, but the dips are very steep, averaging
40 degrees towards the east and west and 20 degrees or
more southward.
In 1906 Alden (p. 2) published a description of this quarry based
on his 1898 field work.
In a letter to Stuart Weller (July 20, 1907) Edgar Tellerre-
marked that the 26th Street locality in Milwaukee was filled in and
built over.
Later at least part of the outcrop was uncovered and exposed
again in a cut on the Interurban Railroad.
Shrock (1930, unpublished field notes) described this outcrop627
exposed by the railroad cut as follows:
The north wall of the cut shows 19 feet of blue to iron-
stained reefy dolomite with very irregular uneven texture
and in a mound without distinct bedding. Some apparent
stratification planes dip east at angle from 35 °-40°, but
they may not represent true stratification planes.
On the south side of the tracks exposures occur of the
same rock.Before the cut was made the rock surface
apparently sloped rapidly toward the south.
To the east the surface of the exposure rapidly dips
under the drift.To the west the wall of the cut is con-
creted and what ever was there is now concealed.
The rock is quite fossiliferous carrying corals, and
and brachiopods especially.
Glacial striations on east exposure south side--N. 50°E.
and N. 80°E.The eastern side of the exposure is beautifully
polished and striated showing that the glacier rode over the
mound that must be here now beneath the drift.
To the north the rock goes under a covering of 15-20
feet of gravel and till.
In 1939 Shrock published a brief description of this exposure basedon
these field notes.
There is quite a bit of variation in the location given for this
quarry among these descriptions ranging from 29th Street to east of
25th Street.Local fossil collectors from the late 1800's referred to
it as the 26th Street quarry or Moody's quarry and it is possible that
the outcrop extended from 25th Street towards 26th Street.However,
the dimensions given by Alden (1898, unpublished field notes)are
much smaller than those given by Shrock (1930, unpublished field
notes) and it seems unlikely that a larger outcrop wasever present.
Airphotos taken in 1937 (see Figure 88) place the location of this
outcrop in the position that Shrock described, being immediately eastFigure 88.
628
Airphoto (A) and locality map (B) of the Moody Reef
(locality 74), Milwaukee County. Dashed line indicates
present boundaries of Interstate 1-94.Airphoto from
National Archives and Records Service, General
Services Administration, No. WX- 1B -107, date:
10-25-41.629
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of the north end of the 25th Street bridge crossing theInterurban
Railroad tracks.
Freeway construction in 1957 removeda large part of this out-
crop and cemented over the remainder.In 1979 a small quantity of
loose rock faunally and lithologically identical to that fromthe original
exposure was found along 25th Street just south of the freeway during
further construction.
Two large fossil collections exist from thisquarry. One is
the T. A. Greene collection at the University ofWisconsin-Milwaukee,
and the other is the Edgar Teller collection in theNational Museum
of Natural History, Washington, D. C. Unfortunately, theTeller
collection has been distributed among the general paleontological
collections at the National Museum and canno longer be studied as a
representative collection from this locality.
The Moody reef was an importantexposure because of its
similarity, both lithologically and paleontologically, to theSchoon-
maker reef 3. 75 miles west of Wauwatosa. Although detaileddescrip-
tions of this quarry are lacking the information that hasbeen reported
indicates it possessed some unique characteristics, includingits
peculiar anticlinal bedded appearance (as indicated byHale, 1860,
unpublished field notes; Chamberlin, 1877, and Shrock, 1930,unpub-
lished field notes), as well as its prolific coral faunamentioned by
Hale and Chamberlin and manifested by the abundanceof coral631
specimens in the Greene collection.
In 1926 a sewer tunnel struck bedrock at a depth of approxi-
mately 112 feet on W. Wisconsin Avenue and N. 26th Street (G. 0.
Raasch, 1926, unpublished field notes; MPM x36. 15).The rock is
similar to that from Moody's quarry and was dumped at Watertown(?)
and Hawley Roads along the railroad tracks.
Soldiers' Home Reef
Locality 75
Located primarily in SW 1/4, SE 1/4, NW 1/4, NE 1/4, Section 35,
T. 7 N., R. 21 E., Wauwatosa Township, Milwaukee County.
MPM x36. 6
elevation: 650 feet
There is a natural outcrop in a prominent northward-facing hill
just south of Milwaukee County Stadium on the northern edge of Wood
Veteran Administration CenterThe exposure is approximately 30
to 40 feet high, 400 feet long and is covered by 30 to 40 feet of drift.
While the outcrop is extensive for the area there is no record of its
ever being quarried. A few vertical drill marks and parts of a con-
crete foundation can be seen near the middle of the outcrop but their
purpose is unknown.
Chamberlin (1877, p. 365) mentioned the outcrop on the grounds
of the National Military Asylum as one of three Racine Dolomite632
mounds in the vicinity (the othersare Moody's and Schoonmaker's),
and he concluded that all threewere Silurian reefs (see Figure 86).
The southeast corner of the outcropwas illustrated in an 1875
lithograph of the Soldiers' Home (Beckman, 1978).The view is look-
ing towards the north, and though drawn for its aestheticrather than
geologic qualities, shows that the rock is massiveand not bedded.
Alden (1898, unpublished field notes) brieflydescribed the out-
crop as follows:
On the north side of the hill in which the frontbuildings are
located is a ledge of rock exposed 25-30 ft. high.The rock
is here massive dolomite, gray ofuneven coarse granular
texture.No bedding is seen and no traces of fossilsexcept
two specimens of Orthoceras.
Bruncken (1900, p. 98-99) briefly discussed theorigin of the
mound and its relation to glacial activity.
Kindle visited this locality in 1904 (unpublishedfield notes and
described the outcrops as follows:
At northeast entrance to Soldiers Homeis a large outcrop
of Niagara limestone--a part of whatseems to be a mound
of limestone separated from above mentionedquarry by a
flat plain and 1/3 mile from it.The beds appear inclined
at about 45°.This limestone mound has its base ata level
just above top of the Story Bros.quarry and apparently
lies at same horizon as the inclined strata notedin the
Bridgeport (Chicago) quarries.
In 1906 Alden (p. 2) published a description of thislocality:
One and one-fourth miles west of themount just
described, in the grounds of the National Soldiers'Home, at
the bend of the Menominee (sic) Valley, theslope is marked
by a prominent drift-capped mound thatrises about 80 feet633
above the valley floor.On the northeast side the lower
35 to 40 feet is a vertical sectionof rock. How much the
rock rises under the drift is notknown, but a well on the
flat to the east is 20 feet deep and doesnot reach the lime-
stone, and the deep well at the buildingsabout 100 yards to
the west of the slope reacheslimestone at a depth of 96
feet--73 feet lower than it is exposedin the slope.This,
then, appears to bea second mound, rising considerably
above the surrounding rock surface.The rock here is
massive gray dolomite ofuneven, coarse, granular tex-
ture, showing no evidence of bedding.
Shrock (1930, unpublished fieldnotes) visited this outcrop and
made the following remarks:
This exposure... isa partially denuded klint.It is about
300 feet in diameter.570 feet of the base of the large
mound is exposed, the other hiddenbeneath the drift which
is 35-40 ft. thick.
The rock is typical reef rock,with its obscure bedding,
cavities, rough, hackly fracture anddense to granular,uneven- textured rock.
On the northeast side, obscureplanes of separation
simulating bedding planes dip 35 ° -41° toward the valley in to
the southeast...One cannot becertain that these planesare
stratification planes, for they changefrom separation planes
to rough, massive rock in places.
In 1939 Shrock restatedsome of these earlier observations.
The lithology of this reef issimilar to parts of the Schoonmaker
reef, but its poorly fossiliferousnature seems unusual in view of the
large numbers of fossils that havebeen found at other nearby reefs
(Moody's and Schoonmaker's).This lack of fossils probablyreflects
the fact that this exposurewas never quarried and also the possibility
that, like the Schoonmaker reef,fossil distribution is irregular and
fossils are quite oftenrare on weathered surfaces.It is also634
important to note that this reef is at approximately the same eleva-
tion as the upper beds of the Story quarry and is probably strati-
graphically equivalent to some of these beds, givingsome indication
of the stratigraphic position and relationships of these reefs to inter-
reef strata.See Figure 89 for a photograph of the Soldier Home
reef.
Story Brothers Quarry
Locality 76
Located primarily in S 1/Z, NE 1/4, SE 1/4, Section 26, T. 7 N.,
R. 21 E., Wauwatosa Township, City of Milwaukee, Milwaukee
County.
MPM x36. 7
elevation: 620 feet
Story Brothers quarry is a filled quarry located in the flat
area south of the prominent bluff and W. Bluemound Road, west of
N. 44th Street, east of Story Parkway, and just north of the inter-
change of Interstate Highway 1-94 with U.S. Highway 41 (see Figure
86).The Highway 41 freeway runs north-south through thequarry
site, the rest of which is a parking lot for Milwaukee County Stadium.
The Story quarry was the first of the Milwaukee buildingstone
quarries to open (William Manegold, 1976, personal communication).
Buckley (1898) stated that the quarry opened in 1855, but it probably635
Figure 89. Photograph showing the east side of the Soldier Home
reef, looking south (locality 75), Milwaukee County.
Photo courtesy of the Milwaukee Public Museum,
No. 47368, circa 1920's.636
opened as early as the 1840's.There are a number of references
to the building stone quarries in Wauwatosa or Milwaukee in early
geologic reports of the area (Lapham, 1851; Percival, 1856), prob-
ably including the Story quarry, but no specific names or descriptions
were given.The first actual mention of the Story quarry is made by
Lapham (1874, unpublished field notes) when he discovered "evidence
of lateral motion tilting thin layers" in a visit to the quarry with
Chambe rlin' s field party.
Chamberlin (1877, p. 365, 367) briefly mentioned the Story
quarry in his discussion of the Racine DolomiteHe found the quarry
to be in regular-bedded limestone and also mentioned that:
...the rock at Storey's (sic) and Schwickhart's (sic)
quarries... is closely similar to that in the western
part of Busack's quarry, and the same remark may be
made of the fossils, which consist mainly of orthoceratites.
Buckley (1897, unpublished field notes) remarked that the three
quarries in this vicinity, Story Brothers, Manegold, and Monarch
Stone Company (Schweickhart), were marketing all of the stone from
their quarries sold in Milwaukee County, jointly, under the name
Wauwatosa Stone Company.In 1898 Buckley published a section in
the Story quarry based on the building stone characteristics of the
rock; he also published a photograph of the north or west wall (Plate
XLII, Fig. 2).He stated that the quarry was then 102 to 104 feet
deep, with beds dipping at various angles due to "sags" in the quarry637
floor, but the general dip was toward the south. He also observed
small faults with a displacement of only a few inches in the quarry
floor and having a trend of N. 50°E. He further reported that most
of the trilobites (Calymene) found in the quarry came from the
slightly granular upper portion of the 20 inch bed at the bottom of
the quarry. He also made the following observations:
Upper beds are somewhat broken up by weathering.
Stripping--to north 30 feet; south and east 5 to 20 feet.
The faulting in floor of quarry is along crest and sides of
one of the low arches as seen in quarry.The next to
the lowest floor shows an uneven rolling surface.In one
place a ridge is observed running across the quarry in
which the bed is a foot or a foot and a half thicker than
elsewhere.
Alden (1898, unpublished field notes) gave the following section
for the Story quarry (see also Figure 90):
Section of strata beginning at bottom:
1.Solid even-textured gray dolomite 19 in.
2.Very irregular textured limestone split
surfaces being all knobs and hollows of
1 in. elevation 26 in.
3.Solid, even-textured, taken out in
various thicknesses 66 in.
4.Three layers in places are mostly even-
textured with 6-8 in. of rather irregular
texture through middle 42 in.
5.Three layers of quite even texture, in places
slightly porous, in places with considerable
pyrite coating surfaces of the joints 44 in.
These 5 constitute the section of the third or lowest level
of the quarry so far as seen fossils are rare (-16 ft. 5 in).638
There is a narrow flexure in thetop layer of (5)
running across the floor of 2ndlevel of quarry ina general
direction E. 25°S. givinga slight fold about 2 ft. high and
40± ft. wide.
6.Rather coarse granular layerspinching out
toward center of quarry 26-0 in.
7.The section of this second levelin middle of
quarry is largely less solid limestonewith seams
of blue clay and blue shalerunning in between.
There are also rounded pocketswhere the rock
seems to have disintegrated to blueclay.This
produces sags in the strata.In places this blue
clay and shale is highlyimpregnated with pyrite.
Mr. Story says thereseems to be a tendency for the
coarse granular limestone to pinchout where this
clay and shale come in.There are 5 or 6 layers in
this section on north and southsides of the quarry
the rock seems firmer andless of clay and shale
comes in between strata than in middle. -18 ft.
Where this clay and shalecome in below there
are sags in the main floor (39 ft. frombottom).
This causes nearly paralleljoints in direction S. 50°E.
Some of these extend clearacross the quarry in re-
markable straight lines.
8.Above this main floorcomes a heavy even textured
course.The top of thiscourse dips 14° E. 3 °S
as near as can be measured 5 ft. 9 in.
9.Even grained withone seam 1 ft. from
bottom 7 ft. 3 in.
10.Another coarse granularstratum.This
thins out to about 6 in.towards SE which
here is a sag 26 in.
11.Inclines to split into thin layerswith rather
irregular surfaces with delicateseams of
blue clay between 1 ft. 4 in.
12.Same splitting and clayseams at bottom
course taking in delicate pink purple
tint 3 9 in.639
13.Heavy, even textured coarse, largely well
colored with purple tine 5 ft.
14.Quite even textured coarse, somewhat
purple tinted at bottom usually in
2 courses
15.Coarse granular rock.This on north side
is about level with top of quarry at
southeast corner
6 ft.
16 in.
16.3-4 courses of quite even-textured
limestone 4 ft.6 in.
17.Runs more irregular in grain, inclined
to split into 2-3 in. layers 5 ft.
18.Coarse grained, irregular limestone 2-3 ft.
19.Rather uneven splitting, thin 1 ft. 6 in.
20.Coarse granular 3 ft. 4 in.
Derrick level north side
21.Quite even texture 4 ft.
22.With two coarse granular streaks 5 ft.
23.5 courses with four coarse streaks 7 ft.±
24.4 courses under clays and gravels 5 ft.
Rock at northwest side of quarry under the clays and gravels
is nearly 30 ft. higher than at the southeast side under the
till.Upper 3 ft. of 24 is coarse, granular, breaks into
irregular fragments rather irregular layers.
In addition, Alden described a water well at Mr. Story's house on
the bluff to the north of the quarry at an elevation of approximately
680 feet:Drift
elevation of top of Silurian
thickness of Silurian
top of Maquoketa Shale
thickness of Maquoketa Shale
70 feet
610 feet
425 feet
185 feet
175 feet
640
However, Alden suspected that this log was inaccurate.The Miller
Bewirig Company well at Plank Road and 39th Street, about one-half
mile northwest of the Story well, at an elevation of 650 feet shows
the following section:
thickness of drift 40 feet
elevation of top of Silurian
thickness of Silurian
elevation of Maquoketa Shale
thickness of Maquoketa Shale
610 feet
340 feet
270 feet
160 feet
The thicknesses in this well more closely resemble those from
other wells in the vicinity and is probably more accurate than the
Story well.
Bruncken (1900, p. 98-99) discussed the glacially-controlled
features of the bedrock surface of the Story Brothers quarry, remark-
ing that it formed a low dome that rose towards the west.
In 1904 Kindle (unpublished field notes) visited the quarry and
made the following observations:Figure 90. Photograph of the north face of the Story quarry,
looking north (locality 76).Photo by W. C. Alden,
1899, No. 114.Photo from U.S. Geological Survey
Photographic Library, Denver.642
Northeast of Soldiers Home 1/3 of mile the Niagara lime-
stone is quarried extensively for building stone and for
crushed rock for cement.The beds have been quarried
to a depth of about 90 feet.The limestone is a light gray
(magnesium), very evenly bedded rock usually in strata
8 in. -6 ft. thick.Fossils very scarce.
Alden (1906, p. 2) published a number of his observationson
the Story quarry as part of a general description of the Menomonee
River valley quarries between Milwaukee and Wawatosa. He showed
the location of this quarry on his Areal Geology Map,as well as that
of the two wells previously discussed from his 1898 field notes. He
found the stone in these quarries to be "distinctly bedded in regular
courses, which thicken from the top downward, the thicknesses
ranging from 4 to 28 inches." He also stated that the beds alter-
nated between fine- and coarse-grained strata, describing this feature
as follows:
The finer-grained strata are of compact texture, with
conchoidal fracture.Alternating with these are beds of
more or less irregular, coarse, granular, or lumpy tex-
ture.The rock of these beds is peculiar.Under the
hammer it breaks into angular lumps or granules,vary-
ing size from that of a pea to that of a hazel nut.In some
layers a rather loose buff calcareous material fills the
interstices between the harder granules. On weathering
this filling dissolves, leaving an irregular, open texture.
Other layers show an irregular, semilaminate structure,
and in these, when the rock is split into building blocks,
the bedding surfaces are curiously uneven, with small,
irregular knobs and hollows, the knobs having about 1 inch
relief.These strata are very hard and do not break readily
across the planes of stratification.There are five or six
beds of this character in the quarry sections.Between two
layers of this kind are several strata of the even-textured,
fine-grained rock.Throughout the greater part of the643
formation these different kinds of rocksare arranged in
distinct strata, yet at some horizons thereare gradations
from one type to the other within a single stratum.In
some places a thin layer of the coarse, irregular-textured
rock runs through the middle of a fine-grained, even-tex-
tured stratum with gradations upward and downward. At
the quarry of the Story Brothers the coarse-textured
layers here and there pinch out laterally andare replaced
by soft blue clay.
He also mentioned a distinctive coloration:
In the quarries of the Monarch Stone Company and of the
Story Brothers several courses exposed between the
depths of 45 and 60 feet from Lhe surfaceare mottled with
a pink or purplish tint, attributed to the weathering of
occastional crystals of iron pyrite.
Buckley (1897, unpublished field notes; 1898) also mentionedthese
purplish-red beds, and two samples of these beds from the Story
quarry are reposited in the Green Museum, University of Wisconsin-
Milwaukee. These should not be confused with the Brandon Bridge
beds. Alden also reported that:
In the lower part of Story Brothers'quarry, where the
uneven-textured layers pinch out and are replaced by thin
beds of soft bluish shaly material, thereare other layers
of impure argillaceous rock that runs intoseams and
pockets of soft blue clayey shale.This is highly impreg-
nat ed with iron pyrites. Where these pocketsoccur the
overlying limestone strata have sagged soas to produce
fractures.
In 1918 Alden (p. 91-92) summarized parts of his 1906descriptions.
During the 1920's Ira Edwards measureda section in the Story
quarry (G. 0. Raasch, 1973, personal communication) and collected
rock samples from various beds.The rock samples (MPM Nos.644
12627-12639) are in the Milwaukee Public Museum collection, but
Edward& notes have not yet been located.
Shrock (1930, unpublished field notes) measured an 125 foot
section in the quarry and described the rock types as follows (see
Figure 90 for section):
Lithology A.Massive, heavy-bedded, gray to white-
colored, dense, compact earthy dolomite breaking
with smooth, conchoidal fracture.The individual
beds separate into thinner units on weathering, and
break into angular slabs. Change to buff color when
weathe red.
Lithology B. Same as A but lavender-colored.
Lithology C.Dense, gray, earthy to slightly crystalline,
thin, irregularly bedded dolomite with thin, wavy shale
films between the layers.Layers vary from 2 in.
6 in. in thickness.Fracture is irregular, rarely semi-
conchoidal.
Lithology D.Mottled buff and chocolate-colored brecciated
dolomite, consisting of angular fragments of gray, dense,
crystalline dolomite cemented with a chocolate-colored
matrix.Laterally these beds pinch out and a thin shale
layer marks the contact between the underlying and
overlying beds; the latter of which has thickened to take
the place of the brecciated bed.In such cases the shale
pockets seem to be over slight ridges and the overlying
rocks are sagged down where the shale pocket occurs.
Shale pockets also occur in such an association above
the place of the brecciated layer within the overlying
bed.The shale is a blue to gray, very thinly laminated,
gritty (sometimes) rock. Sometimes thin layers of
quartz sand occur with the shale pockets.The zones
characterized by the shale pockets are quite wavy or
billowy, and may represent erosion surfaces.
During the 1930's the quarry was abandoned and used as a
garbage dump by the City of Milwaukee and there are currently notop of
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Figure 91.Section in the Story quarry (locality 76) MilwaukeeCounty (after Shrock, 1930,
unpublished field notes).See text for details.646
exposures at this site.
An examination of fossils in the Greene collectionreveals that
the following taxa were found in theguar ry during the 1880's and
early 1890's:
Flexicalymene celebra (complete specimens)- 104
Dalmanites sp. (thorax and pygidium) 1
Illaenoides sp. (cranidium)- 1
Sphaerexochus sp. (cranidium) 1
bumastid (pygidia)- 3
Encrinurus sp.-1
Dawsonoceras sp.- 46
Phragmoceras sp.- 4
cephalopods (orthocones and Phragmoceras)- 81
"Pleurotomaria perlata"- 7
brachiopods- 6
small rugose corals- 2
This collection is similar, both in compositionand lithology, to that
of the "Trilobite Beds" in the Hartung andZimmerman quarries ex-
cept for the low abundance and diversity ofbrachiopods.
Manegold Quarry
Locality 77
SW 1/4, NE 1/4, and SE 1/4, NW 1/4,Section 26, T. 7 N., R. 21 E.,
Wauwatosa Township, City of Milwaukee,Milwaukee County.
MPM x 36.8
elevation: 640 feet
This filled quarry (see Figure 86) islocated along a northward-
facing bluff between W. Wells Street andthe Menomonee River, and647
between N. 49th and N. 52nd Streets (if these streets were continuous
across this area).
The quarry was opened in 1873 by the Manegold family (William
Manegold, 1976, personal communication).The original pit (see
Figure 92) was located in the northeast corner of the property and
was expanded primarily south and west.The pit was used mainly
as a building stone quarry in its early years of operation, as were
the nearby Story and Schweickhart quarries, but produced primarily
crushed stone throughout most of the 1900's.
The approximate location of the quarry is shown on an 1892
lithograph entitled "Wauwatosa and the Western Suburbs of Milwaukee"
illustrated in Beckman (1978).
Buckley (1897, unpublished field notes) examined the quarry
when it was approximately 55 feet deep and observed that about six
feet of drift was stripped from the south side.He found the quarry to
be working towards the north and southwest.In 1898 Buckley briefly
mentioned the quarry in a general discussion of the building stone
industry of this area. He also published a photograph of the east wall
(1898, Plate XLII, no. 1).
Alden (1898, unpublished field notes) described the quarry as
being 55 feet deep showing "evenly bedded, nearly horizontal dolomitic
limestone." He also noted that there were alternating even-grained
and granular beds in the section; the even-grained beds being "dense,648
Figure 92.Photographs of the Manegold quarry (locality 77) from
the late 1800's.(A) Steropticon view looking east
towards quarry, circa 1870's; original Miller Brewery
is on hill in distance; (B) shows northeast wall ofquarry,
circa 1890's.Photos courtesy of William Manegold,
Wauwatosa, Wisconsin.649
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Figure 92650
hard, blue gray dolomite limestone becoming of finer grain at the
bottom of the pit" with beds up to three feet thick."The granular
courses are of peculiar composition breaking up into angular frag-
ments under the hammer. The beds are quite hard.The beds dip
slightly NE 2 -3 ° but are nearly horizontal andvery little fractured."
Alden (1906, p. 2) mentioned this quarry in his discussion including
the Story and Schweickhart quarries (see Story Quarry discussion)
and indicated its location on his Areal Geology Map.
In 1914 Ulrich (unpublished field notes) visited the quarry and
described an 84 foot section (see Figure 93) and noted that:
Fossils are very rare in this quarry. Except fucoids
practically none in the light gray beds.The darker
cavernous layers have a few.
Alden (1918, p. 204) described the glacial features of thequarry
site.
Shrock (1930, 1931, unpublished field notes) gave the following
section (See Figures 94 and 95) for this quarry measured upward
from the sump:
Bed la.Two feet of gray, dense, argillaceous dolomite
like Bed 1 above.
Bed lb.Three feet of massive, nodular dolomite like Bed 2.
Bed 1.13.5 feet of very light colored, dense, compact
colomite which breaks with conchoidal fracture. Heavy
beds 1 1/2- 3 feet thick which break into thinner units.
(The lower) part of the section... is somewhat crystal-
line and more thinly bedded with the separation planes651
Figure 93. Photographs of the Manegold quarry (locality 77) circa
1914.(A) shows entire section of 84 feet; (B) close-up
of lower layers.Note contrast between fine-grained,
even-bedded building stone layers and coarse-grained,
massive, nodular dolomite.Photos by Ulrich, deposited
in the Wisconsin Geological Survey, Nos. 764 (A) and 763
(B).Figure 93653
Figure 94. Section in the Manegold quarry (locality 77), Milwaukee
county (after Shrock, 1930-31, unpublished field notes).
See text for details.river level
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95. Photograph of northeast corner of the Manegold quarry
(locality 77), Milwaukee County, circa late 1930's.
Photo courtesy of William Manegold, Wauwatosa,
Wisconsin.656
slightly irregular and withvery thin shale films
between the layers.
Bed 2.Gray crystalline dolomite,somewhat porous, in
thin irregular layers separatedby very thin wavy shale
films.Shale blue.Breaks into flaggy beds averaging
2-3 in. thick.Contains numerous cephalopods ofthe
orthoceratite type.Lower 16 in. pinkish and brecci-
ated... In Bed 2 near the topthere is a trilobite layer
where several dozen specimenswere seen.The rock
is shaly and the forms notso well preserved. The
lower 16 in. is quite graniteylooking.(Bed 2 is 38
inches thick. )
Bed 3.Approximately 19 feet of buff to lightgray dense
compact earthy dolomite which exhibitsgood conchoidal
fracture. Heavy bedded, with thebeds breaking into
thinner units. The 13 in. and12 in. layers are more
flaggy and separate into thinwavy beds with thin shale
films between.
Bed 4.Approximately 6 feet ofnodular-looking, bluish
gray, crystalline dolomite in thin irregularlayers.
This rock seems to bea breccia, composed of angu-
lar fragments of bluish-gray,crystalline dolomite,
cemented with buff earthydolomite.Breaks with
hackly fracture and is conspicuousin the quarry
wall because of its roughlooking surface.
Bed 5.9 ft. 7 in. bed of light-colored,light weathering
dense, compact dolomite withconchoidal fracture,
with beds averaging about4 in. thick.One bed in
the middle ismore massive.
Bed 6.Approximately 42 inches ofcream-colored, semi-
saccharoidal, brecciated dolomite,which on weather-
ing breaks into smallirregularly-shaped nodules.
Varies from 42-72 in. inparts of the quarry.
Bed 7.9 ft. 2 in. of bluish-gray,dense, fine-grained,
compact dolomite with conchoidalfracture.Beds
average 6-12 in. thick.The rock weathers into thin
platy slabs and stands outconspicuously in contrast
to the rough bed below and the hacklybed above.657
Bed 8.17.5 feet of dark gray, dense compact dolomite
which separates into layers averaging 2-4 in. thick
and exhibits hackly splintery fracture.Contains one
or more brecciated layers like 4 and 6.
Bed 9.Three feet of cream-colored, semi-saccharoidal
dolomite which breaks into nodular fragments on
weathering.Similar to bed 6.Sometimes also tinged
a salmon color.
Bed 10.Ten feet of bluish-gray, dense compact dolomite
similar to bed 8.Weathers into thin layers (2-6 in. )
with hackly surface.
Shrock also observed a number of shale pockets along the west side of
the quarry:
...much like those found associated with a similar granitey-
looking rock at Story's and at Francey's.The beds are just
a bit undulatory and along this zone there has apparently
been a bit of solution.Near the sump (northeast) there seems
to have been a little faulting with a displacement of several
inches.
He also noted that only the lower beds of the quarry were being
worked for crushed rock and that the quarry was about 100 feet deep.
Burpee (1932) processed rock samples collected by Shrock for
insoluble residues and found the following (bed numbers refer to
Shrock's section):
Bed la.Silicified oolites and brachiopod tests.
Bed lb.Brachiopod tests of drusy quartz, sponge spicules
of quartz.
Bed 1lower (massive, gray, crystalline dolomite).
Brachiopod tests of drusy quartz, sponge spicules of
quartz.
Bed 1upper (very dense, gray, fine textured dolomite).
A quantity of fine quartz.658
Bed 2.Crystalline quartz and doloclastic chert.
Bed 3. A large quantity of fine, crystalline quartz.
Bed 4.Crystalline quartz, which is coarser than usual and
rhombohedral.
Bed 5.A white residue with crystalline quartz and fossil
material.
Bed 6.Brachiopod fragments, sponge spicules, and quartz.
Bed 7. A large quantity of crystalline quartz.
Bed 8. A large quantity of fine crystalline quartz with
sponge spicules.
Bed 9.Not tested as it was not collected due to its
inaccessibility.
Bed 10. A large quantity of fine crystalline quartz with
sponge spicules.
William Manegold (1968, 1976, personal communication) has
supplied the following information concerning hisquarry.The quarry
ceased operation in 1956 and was completely filled by the early1970's.
The quarry had reached a maximum depth of 155 feet andwas being
worked in abundantly cherty rock in 1956.The bedrock surface was
seven feet below river level and was 20 feet lower than the highest
exposure at Schweickhart's quarry to the west.Cephalopods were
most common near the top of the quarry andsome were even observed
on the glacially striated surface; a number of specimens collected
by Manegold were given to the Milwaukee PublicMuseum in 1968.
By 1963 the only major exposure was along theupper part of the east659
wall, however, in 1966 a five foot section was measured in the west
half of the north wall as follows:
Layer 1.Top.1.5 feet of light brown, fine-grained dolomite
weathering buff, stylolitic bedding planes, glacial striae on surface.
Layer 2.1.5 feet of nodular, fine-grained, light gray dolomite
with very irregular bedding.
Layer 3.2 feet of light gray, regular-bedded, fine-grained
dolomite.
Samples from this section are housed in the Milwaukee Public
Museum collections. A large area of the bedrock surface was still
exposed with glacial striae trending to the southwest.
Schweickhart Quarry
Locality 78
N 1/2, SE 1/4, NW 1/4, Section 26, T. 7 N., R. 21 E., Wauwatosa
Township, City of Milwaukee, Milwaukee County.
MPM x36. 9
elevation: 650 feet
This is a filled quarry located along a northward-facing bluff
between W. Wells Street and the Menomonee River and N. Hawley
Road and the Manegold quarry (see Figure 86).
The quarry was first operated by Hiram T. Rose (Western
Historical Company, 1881).Lapham (1873, unpublished field notes)660
stated that the quarry was first operated by a Mr. Ross (Rose?),
and that then a Mr. Chare ran it before it was operated by
Schweickhart and Hart. Schweickhart and Hart bought thequarry
from J. Hart in 1868 and Manegold succeeded Hart in 1875 (Western
Historical Company, 1881).This quarry produced primarily build-
ing stone.
In his discussion of the Racine Dolomite Chamberlin (1877,
p. 367) briefly mentioned that the rock here was "closely similar"
to the rock at Story's and the western part of Busack'squarry.The
fossils he found were mostly orthoceratite cephalopodsThe Greene
collection at the University of Wisconsin-Milwaukee contains onlya
few fossils from Schweickhart's quarry collected in the 1880's and
early 1890's, one being the characteristic gastropod of thearea,
Pleurotomaria perlata, and another the cephalopod, Dawsonoceras
sp.
An 1892 lithograph illustrated in Beckman (1978) shows the
location of the Schweickhart quarry along Hawley Road ina view of
Wauwatosa and the western suburbs of Milwaukee.
Buckley (1897, unpublished field notes) described thisquarry
as being operated by the Monarch Stone Company, stating that three
to eight feet of dirt had been stripped from the surfaceHe men-
tioned this quarry again in 1898 in his discussion of buildingstone.
Alden (1898, unpublished field notes) visited thisquarry (see661
Figure 96) and, in particular, observed that the coarse granular
layers like those in the Manegold quarry "split with uneven surface
of sharp irregularities.Contain often Calcite and pyrite." He pre-
sented the following section:
Coarse granular, streaks, rather coarse
splitting with irregular surface 4 feet
Quite even but splitting 1 ft. 6 in.
6) Finer below becoming very coarse
granular 3 ft.
Even grain 10 in.
Even grain, splitting 3 ft.
Less irregular than below 1 ft. 3 in.
Very coarse granular 3 ft.
Even grain splitting below 8 in.
Even grain 1 ft.
Coarse granular 3 in.
Even grain 10 in.
5) Very coarse granular, at top finer 5 ft.
Even 2 ft.
Even, but coarse through middle 2 ft.
4) Even below, coarse granular above, irregular2 ft6 in.
More even, coarser above 1 ftFigure 96.Photograph of the southeast corner of the Schweickert
quarry (locality 78), Milwaukee County.Photo by
W. C. Alden, No. 114, 1899.Photo from U.S.
Geological Survey Photographic Library, Denver.3) Coarse irregular 1 ft. 4 in.
Dense, even grain, gray 2 ft. 6 in.
Dense, even grain, gray 3 ft.
Dense, even grain, gray 2 ft. 6 in.
2) Coarse granular 2 ft. 6 in.
Coarse granular 1 ft. 4 in.
Coarse granular 8 in.
Coarse granular 3 ft.
Coarse granular 4 in.
Coarse granular 2 ft.
Coarse granular 5 in.
Coarse granular 1 ft.
(All of 2 is largely pinkish in color, mottled
or evenly, and penetrated by small pyritized
lines like wormholes)
1) Coarse granular
Even grain
Even grain
Even grain, fine gray to pinkish
Water
5 ft. 6 in.
5 ft.
1 ft.
5 ft.
67± ft.
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In 1906 Alden (p. 2) published a description of this quarry in
conjunction with the Story and Manegold quarries (see discussion
under Story Quarry for details).He (1906, Fig. 12) presented a
photograph of the southeast corner of the Schweickhart quarry, and664
also indicated its approximate location on his Areal Geology Map.
Alden (1918, p. 90-92) gave a similar summary of these quarries
and reproduced this same photograph (P1. XII, Fig. A).
Kindle (1904, unpublished field notes) mentioned that:
The Monarch Stone Co. has a quarry east of Castalia Park
1/4 mile in west part of city. Rock similar to that of the
Story Bros. quarry. Used for building stone and crushed
for cement. Has been quarried to a depth of about 6 0
feet.
The quarry was operated by the Monarch Stone Company from
the date of purchase in 1891 until it ceased operations in 1914. When
it closed the quarry was approximately 98 feet deep; it rapidly filled
with water after its abandonment.
Shrock (1930, unpublished field notes) briefly described the
rocks exposed above the water level in the quarry (see Figure 97).
He found at the north side only a foot of rock exposed, but 10 to 15
feet was exposed along the south wall.He indicated that the rock
was the same type as that exposed in the Manegold quarry to the
east.Along the east side of the south wall he found the rock dipping
steeply 5° to the northeast, and flattening out towards the north.
Near the center of the quarry he observed that the rocks dipped
towards the northwest about 3° and then flattened out.Shrock sug-
gested that a reef may have been present in the so utheast.
In the 1930's the quarry was purchased by the City of Milwaukee
and was used as a landfill site until the late 1960's.665
Figure 97.Section of rock exposed above water level in the
Schweickhart quarry (locality 78) Milwaukee County
and diagram showing general dip of beds along south
wall of quarry, suggesting a possible reef.(from
Shrock, 1930, unpublished field notes).co
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Figure 97667
Tully Smith Quarry
Locality 79
NW 1/4, Section 26, T. 7 N., R. 21 E., Wauwatosa Township, City
of Milwaukee, Milwaukee County.
elevation: 640 feet
A small filled quarry is located on a triangular piece of land
west of N. Hawley Road between the Menomonee River and the
railroad tracks to the north (see Figure 86).The only information
concerning this quarry was obtained from William Manegold (1968,
1976, personal communication).This quarry was operated in the
880's by Tully Smith and was known as the Irish Quarry.The rock
in this quarry is composed of the same Racine Dolomite beds exposed
in the Manegold and Schweickhart quarries to the south on the opposite
side of the river.Manegold remembers the quarry was full of water
in the 1890's, that it had a prominent ledge on its east side, and that
the quarry was approximately 12 to 18 feet deep.This quarry was
partially filled with large blocks of the thick crystalline beds from
the Schweickhart quarry which were unsuitable for building stone.
Later the quarry was filled with industrial wastes (asbestos?).This
quarry is illustrated in the 1892 lithograph "Wauwatosa and the
Western Suburbs of Milwaukee" pictured in Beckman (1978) and
appears to have been water-filled at that time.668
Schoonmaker Quarry
Locality 80
S 1/2, SW 1/4, SE 1/4, Section 22, extending south into NW 1/4,
NE 1/4, Section 27, City of Wauwatosa, Wauwatosa Township,
Milwaukee County.
MPM x36. 10
elevation: 670 feet
Natural outcrops and a quarry are located in a southward-facing
bluff extending from N. 68th Street (8th Avenue) on the west to ap-
proximately N. 62nd Street on the east, near the ravine where
Schoonmaker Creek once flowed south to the Menomonee River (see
Figure 86).This area is bounded by W. State Street.The western
portion of the quarry site (termed the Francey quarry) is now occupied
by a Jewel food store and the eastern, older portion of the quarry site
(Schoonmaker quarry) is occupied by the Western Metals Company.
The Schoonmaker Reef, located here, is the most famous
Silurian exposure in eastern Wisconsin.It was the first Paleozoic
carbonate buildup in North America to be identified as an organic reef,
and has served as a classic example of such a structure, being fig-
ured many times.This reef was well exposed for over 100 years
and was the source of the diverse and abundant reef faunas collected
by the local fossil collectors, such as F. H. Day, in the nineteenth669
century.It was the best example of a Silurian reef in North America
from 1861 until the 1940's.
Quarrying began at this site in 1834 or 1835 by Cyrus Brown
and the quarry was later owned successively by Mason Daniels,
P. C. Hale, and Green and Watkins until it was finally purchased
by John Schoonmaker and Van Schaick in 1857 (Western Historical
Co., 1881).Walling's (1858) plat map of the area shows that only the
eastern end of the exposure was owned by Schoonmaker and Van
Schaick; lime kilns are indicated on this property and it is likely
that the quarry began at this end of the bluff and was worked east-
ward. Schoonmaker later bought out Van Schaick's share andpur-
chased additional land to the east and west.
The relationships which exist between the reef rock and sur-
rounding non-reef beds at this locality were the basis for Lapham's
(1851) placement of a geodiferous limestone (Unit VIII) in addition
to the Waukesha (Unit VI) and Racine (Unit VII) in the local Silurian
section, but he did not give a detailed description of the quarry.
Percival (1856, p. 70) mentioned finding a limestone abounding
in fossils, including Catenipora, along the Menomonee River west of
Milwaukee. He is probably referring to the Moodyor Schoonmaker
reef, but no details are presented.
Hall (1862, p. 62-64, Figure 8) described the relationships of
the different rock units in the quarries at Wauwatosa, which he673
considered to be in the Waukesha Dolomite (see Figure 98).The
east quarry (b) is the Schoonmaker quarry and the western one is
Busack's. He stated:
At Wauwatosa, near Milwaukee, and at other points,
there are isolated hills or ridges of Cora nine limestone;
while the surrounding low flat ground is underlaid by the
thin and heavy-bedded Waukesha limestone.At one point
in this low ground there is an open quarry, and at a little
distance and on the opposite side of the road there is a
similar quarry, both exhibiting the thinbedded and the
thickbedded portions of the rock.In direct continuation
we have the face of a hill of Coral line or Geodiferous lime-
stone, which has been quarried along an extent of several
rods.This has been burned into lime, while the other
beds are unfit for that purpose.
The connection of the two series of limestone beds,
as far as seen, may be understood from the section, Fig.
8; where the continuous lines represent the strata exposed
in quarrying and the dotted lines show their supposed con-
tinuity along the face of the hill.At b we have a full develop-
ment of the Coral line limestone, where the lines of bedding
are traced with difficulty, and finally not at all.
At the left hand of the section of a and al, the even-
bedded Waukesha limestone is well exposed, and it is
quarried from 1 to 2.At the point of a low hill at 3, the
line of bedding are very distinct; but in the centre at 4,
and beyond, no lines of bedding can be discerned.
The entire mass appears like a coral reef, where the
broken corals and shells are packed in calcareous sand,
the whole consolidated as a compact and nearly homogeneous
mass; while as we recede from it, the more finely com-
minuted materials are spread out over the adjacent sea-
bottom, and, mingling with a little argillaceous matter, they
form the thinbedded argillaceous dolomite of this region.
This, at least in the present state of facts, seems to be the
only satisfactory explanation which can be cifered.That
these isolated hills are not outliers of a former continuous
mass, would seem to be proved by the sloping strata upon
their flanks; and there is no reason to suppose that they have
been abruptly elevated in this quiet and undisturbed region;
they seem to have been small coral reefs or island, and671
Figure 98. Early diagrams showing the structure of the Schoonmaker
reef (locality 80), Wauwatosa, Milwaukee County.Note
relationships of reef core, on right, to flank beds and
inter-reef beds on left.After Hall (1862) and Chamberlin
(1877).See text for details.HALL (1862) 4
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are known to exist only over a limited portion of the area
occupied by this limestone formation.
It is true that at F there is an obscure break in the
continuity of the strata, which may indicate a fault, and
if there prove to have been any displacement of the strata,
it is still possible that the massive Coral line limestone
may not be entirely continuous, or lying directly below
the regularly-bedded portion of the rock as it now appears.
This is the first time a North American Paleozoic carbonate buildup
was called a reef although Hall (1851, p. 159) referred to the coral-
rich biostromal beds of the Silurian in the Upper Peninsula of
Michigan as coral reefs.
Rominger (1862) made the following observations based on
these exposures:
In the local description of the Silurian strata exposed
in the neighborhood of Milwaukee, a certain calcareous
stratum or a complex of such is called Waukesha limestone,
and was considered as being the base of the thick bedded
fossiliferous lime rocks, considered as synchronous with the
Niagara limestones.
A careful examination proves beyond all doubt that the
Waukesha limestone is in reality the superincumbent rock
and that the Niagara limestone only in disseminated spots
protrudes by volcanic action in dome-like knobs through the
otherwise nearly horizontal or merely undulating strata of
the Waukesha limestone.
Lapham (1873, unpublished field notes) briefly mentioned that
the quarry was "extensively worked for lime to supply Milwaukee and
Chicago" and that the "stone (is the) same as Moodeys (sic), much
broken doubtless former movements of the 'earths crust'. "
Chamberlin (1877, p. 365-36 7) described the relationships be-
tween the Schoonmaker quarry and Busack quarry (see Figure 98)674
to the west in detail:
As the quarries near Wauwatosafurnish the best
exposures, are the most fossiliferous, and havebeen the
subject of most discussion, it isdesirable that we should
enter somewhat into particulars inreference to this inter-
esting locality.If we place ourselves at theextreme western
exposure known as Busack's quarry, we shall finda section
showing heavy, well defined, nearlyhorizontal, slightly
argillaceous beds, of a rather fine,uniform, compact
grain, medium hardness, smoothconchoidal fracture, and
bluish gray color.Interstratified with these,are layers
having the lumpy nature previouslydescribed as occurring
in Sec. 36, Germantown. Thelayers dip eastward to about
the middle of thequarry, from which they rise, but not
uniformly, for at this pointan east and west axis occurs,
having the general trend of the ridgefarther east, and with
which it probably hasa definite connection. An east and
west section in this part of thequarry shows a dip to the
westward, and a north and southsection would exhibit the
layers curving gentlyover this axis.But as we trace the
rock eastward, it changes innature.Near the eastern
extremity, the upper layer becomesslightly irregular in
bedding, and rather soft, andgranular in texture.
Below this is a layer from 22to 24 inches thick, divided
into sublayers, somewhat irregularly,and occasionally show-
ing lines of deposition.To casual observation, itappears to be a compact, fine-grainedeven-textured dolomite, but closer
inspection shows it to containmany small cavities, that are
angular and sharply defined, andare the result of the removal
of minute fossils, in which therock abounds at this point.
Aside from these, the rockis as previously described, with
occasional seams of argillaceousmaterial. Below this, the
rock is similar to that in thewestern part of the quarry.In the extreme southeasternportion exposed in connection with
this quarry, the rock becomesquite irregular in structure.
There ensues at this point,unfortunately, an inte r-
ruption of several rods in theexposure, so that this incipient
change in structure cannot betraced to its consummation.
Passing this interval,we find at the western extremity
of Mr. Schoonmaker'squarry, at the surface, a cellular
even textured, regularly bedded rock, similarto that last
described, but of lighter color,and more distinctly granular
nature.This dips southward atan angle of about 15°. As675
the face of the quarry curves round to the south, the whole
section is composed of similar rock down to and beneath
the water that occupies the bottom of thequarry at this
point.Bat these lower layers dip less and less, until they
become horizontal, and even slightly incline towards the
irregular mass.If we trace these lower layers toward the
ridge, their inclination somewhat increasesas well as their
thickness--this latter sometimes markedlyuntil theyare
lost in the obscure structure of the reef,or disappear at
the surface.
As we pass eastward along the face of this ridge,now
well exposed by quarrying, the dip of the ill-definedlayers
increases gradually to 540, when the stratificationcan no
longer be clearly distinguished.This obscurity continues
for 80 paces.There are some indications of horizontal
bedding in this space, and alsosome that the dip is to the
south, and that the exposure is along the strike ofstrata,
but neither observation is altogether trustworthy.
East of this, blue and lighter colored bands indicate
a dip of about 30° eastward.This continues for about 35
paces, the observation at the eastern extremity showinga
dip of 31° in a direction E. 10° to 15° S., this beingthe dip
as exposed, not necessarily the full amount of the true dip.
The same qualification is true of the other observationsmade
on dip along the face of this exposure.
Ten paces of unexposed face succeeds, followed by 90
paces uncovered, which shows an obscure dip of about 30°E.
of S.Again 30 paces are concealed, beyond whicha face
40 yards in length succeeds, whose dip is 33°E. of S.After
another interruption of 6 0 paces,we find the last exposure
of about 10 paces length, whosevery obscure stratification
indicates a dip to the S.W. The ridge reachesa height of
about 45 feet above the sole of thequarry.
Near the summit of the ridge, at its western extremity,
is a slight outcrop apparently in place, andseeming to dip
to the northwestward (20° N. 30°W.).If this is reliable,
we should infer that the ridge was comparativelynarrow, as
the exposure lies only 17paces back from the face of the
quarry.
The trend of the ridge, as estimated from theexpo-
sures, is a little to the north of east.
Chamberlin accepted the reef hypothesis to explainthe origin of the
rocks at Schoonmaker's and was the firstperson to place the building6 76
stone quarries and the surrounding reefs into the Racine Dolomite,
a placement which has been verified in later work.
Day (in Chamberlin, 1877, p. 3 71-3 77) listed 125 species of
fossils collected by him in the Schoonmaker quarry. Day (1877)
made a number of interesting observations concerning the Schoon-
maker quarry. Day (1877) made a number of interesting observations
concerning the Schoonmaker quarry:
On one occasion after a recent excavation by blasting
at Schoonmaker's quarry, I measured a coral disk about
twenty feet in diameter, three feet in height, and more
than sixty feet in circumference.The surface was made up
of beautiful concentric layers, like the flattened whorls of
a gastropod, and were covered by very pretty Heliolites..:
If we examine the lowest depths of the sole of
Schoonmaker's quarry, we find the same character-
istic rock, containing the Terebratulous fossil, Gypidean
occidentalis, belonging to the Byron division of the Mayville
bed.This formation was quarried to some extent, and
formed dressed stones, for bases to gravestones, and
window caps and sills.
This stratum terminated abruptly in an ancient river
bed, the bottom of which is smooth and polished, grooved
and scratched by the drift of the glacial action or era, for
huge granite boulders were excavated during the process
of quarrying.
Above this stratum, are regular even layers ofa
glazed, compact, metalic ringing, cherty limestone, of
several inches in thickness, which is quarried in regular
rectangular forms, and is utilized as a durable pavement
on the side walks, or macadamized streets of Milwaukee
and Waukesha.This formation was covered with animal
life, similar to that, so extensively intermixed in the strata
or groups overlying it, and is well exhibited at every expo-
sure of this rock, in all the quarries in Milwaukee, Racine
and Waukesha counties.But the fauna which covered the
surface of the Waukesha limestone, at Cook's, Hadfield's,
and Pelton's in Waukesha county, or Trimbone's (sic), Swan's,
Busack's, Schwackhart's (sic) and Story's in Milwaukee county;677
or Ive's, Horlick's and others, in Racine county; orCook
and Mc'Henry counties in Illinois, are in an exceedingly
compressed stratum, and in many instances the fossils are
in such a state as to be of little better than defined, than
well marked outlines of the original plant or invertebrate
animal.. In several of the quarries, as Story's, Schweick-
hart's, Busack's, and Cook's, the Bryozoa, Cephalopoda,
Gasteropoda, Brachiopoda and Crustacea, are so intensely
compressed and distorted and glazened as often to give the
appearance of different genera or species.
The Schoonmaker quarry is illustrated in the 1892 lithograph
"Wauwatosa and the Western Suburbs of Milwaukee" by Marr and
Richards (see Figure).
Alden (1898, unpublished field notes) described the quarry as
follows (see also Figure 99):
In the hillside just north of the railroad the rock has
been quarried in the lower slope at Schoonmaker's old
quarry and lime kiln.The pit 30-35 feet deep is filled with
water, but the rock is exposed in the hill about 25-30 feet
and is overlain by blue till grading into buff.The rock here
exposed is massive, coarse grained, irregular rock, a
hard bluish-gray dolomitic.It is of fragmental appearance
and breaks up irregularly. Some places it looks almost
like a breccia.At the east end of the exposure the upper
part if in places buff, porous, and impure containing much
clay.This part is quite fossiliferous... A few fossil traces
were noticed at various places in the exposure, but they are
quite rare in general. At the west end and in the pit there is
more bedding to the rock.There is here quite a strong dip
about 30° in a direction S. 47°W. so that a 15 ft. roadcut
just west barely exposes the rock...
Grabau (1903) described the reef at this quarry (p. 341-342):
The quarry was opened in a mound or hillock which undoubt-
edly owed its preservation to the hard character of the reef
mass. At the time of my visit, however, it had been
abandoned for a long time, and the walls had become more
or less weathered and overgrown, while the deeper portion678
Figure 99. Photograph of the south half of the west wall of the
Schoonmaker quarry, showing flank beds dipping south
and southwest (left) from reef core to north (right).
This photo represents the center of the wall in the
background under large tree in the frontispiece.
Photograph by W. C. Alden, 1899, No. 115, from
U. S. Geological Survey Photographic Library.Figure 99680
was filled with water.The same reef is exposed in the
eastern part of the quarry, but there are smaller reef-
like mounds which may have been subsidiary reefs,or
may be merely parts of the larger one. No bedding is
visible in the reef portions, whichappear to consist main-
ly of stromatoporoids.These, however, are recognizable
as a rule, only on the weathered surfaces, the general as-
pect of the fresh face being that of extreme massiveness
of the rock, with a total absence of stratification. Around
the reef, however, the rock is bedded and granular, and
it may be seen in many places dippingaway from the central
reef portion.The highest dips which I observedwere 28
degrees, decreasing rapidly to 18 degrees; butChamberlin
mentions a dip of 54 degrees close to the reef, observed
while the face was well exposed in quarrying.Other dips
mentioned by Chamberlin are 30, 31 and 34 degrees, besides
those of lower angles.Chamberlin also mentions the in-
crease in thickness of the sedimentary layers toward the
reef, with which they finally merge.
Alden (1906, p. 2) described theexposures here as follows
...the old quarries of Schoonmaker and Busack. At Busack's
quarry the limestone strata are exposed in the valley floor,
in a nearly horizontal position.The beds are heavy, well
defined, and slightly argillaceous, but of rather fine,even
grain, with conchoidal fracture.Interstratified with these
are layers having the lumpy structure seen at Story Brothers'
quarry.In places the rock is really a conglomerate, in
which the pebbles and the matrixare of the same material and
blend in solidification.Toward the east the strata begin to
rise gently, at the same time dipping laterallyat slight
angles, as if riding over an east and west axis.At this point
there is a break in the section. A point of the hillhas been
left, so that the clay slope comes down into thevalley.The
interval is barely 2 rods, but when the rock bedsreappear on
the east side of this point, theyare rising at an angle of 30°,
the dip indicating, as before,an east-west axis, over which
the beds are deposited.Before the rock passes under this
covering of clay a change occurs in character.Near the
east end of Busack's quarry theupper layer becomes
slightly irregular in bedding and rather soft andgranular
in texture.At the west end of Schoonmaker'squarry, the
stratification of the rock seen emerging from beneaththe681
clay covering soon becomes obscure and passes into a massive
irregular structure, with no evidence of bedding.This change
takes place not only from east to west but from north to
south...a north-south section at the west of Schoonmaker's
quarry... (shows) the strata rising from south to north and
passing into the irregular-textured massive rock that form
the body of the mound. When visited by the writer the lower
part of the excavation was filled with water, so that the lower
beds were not accessible.The upper 25 to 30 feet of the
rock is exposed in the valley slope for about 100 yards to
the east, except where obscured by clay washed down from
above. The rock is a massive, coarse-grained, hard
bluish-gray dolomite.In places it appears to be a breccia
of angular fragments of limestone in a limestone matrix.
Towards the east end the upper part is more nearly buff in
color and is impure and porous, containing much clay.The
section is evidently that of a elongaged mound or ridge of
limestone whdse elevation is due not to upheaval and folding
of the beds but rather to the mode of formation.
Alden figured the west wall of the Schoonmakerquarry in 1906
(his Figure 10) and used this same photograph in 1918.
Figure 100 shows photographs of the quarry and kilns around
the time of Alden's and Grabau's work.
Steidtmann (unpublished field notes) visited thequarry in 1912
and reported the following:
The quarry appears to be located in thecore of a dome
(probably coral reef dome) for the beds dip away from the
sides of the quarry. Near the core of the dome the beds
are very massive while away from it the beds are more
distinct and more nearly horizontal.The maximum dip
is about 45 °.The rock is cavernous and porous andcon-
trasts in this way with the Waukesha Stone.The cavities
are frequently lines with rhombohedral crystals.The
joints are not as distinct as they are in themore brittle
rock at Waukesha... (The height of the west quarry face) is
26 feet (and) seems to be uniform lithologically.682
Figure 100.A: Photograph looking east from thetop of the west
wall of the Schoonmaker quarry (locality80), Milwaukee
County.Kilns are located just right of center; farther
right is loading shed and gravel loader.Quarry wall
in distance, at center of photo, has remainedunchanged
and can still be recognized.North wall, to left of
center, has been mostly quarriedaway and buried;
circa 2909.B: Photograph of lime kilns in the east
enc of Schoonmaker quarry, looking northeast, circa
early 1900's. Wall ofquarry is hidden by frets in
background. Kilns are theones in background in (A);
Western Metals Company building isnow located on
this site.Photos are courtesy of Mrs. Caroline
Timmerman.683
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Grabau (1913, p. 418-419) summarizes his earlier (1903)
description of this locality but also mentioned that the "genus
Clathrodictyon seems to abound." Photographs taken in 1913dur-
ing early operations by G. D. Franceyare in Figure 101 and frontis-
piece.
Hotchkiss and Steidtmann (1914, Plate XV) figure the northwall
of the Schoonmaker quarry, showing northward dippingflank beds.
Figure 102 shows reef core rock overlying bedded rock in this
quarry around 1920.
Steditmann (1924, p. 67) gave thesame general information
as that supplied by Hotchkiss and Steidtmann (1914) and continued to
describe the Schoonmaker and the Wauwatosa Stoneand Coal Company
quarry (Francey) as two different quarries.
Raasch (1926, unpublished field notes) mentioned that the
quarry was then being worked in the reef rock along the northwest
and northeast faces (see Figure 103) and stated that "thedip within
the reef is well shown atp resent and is exceedingly varied. " He
collected a large number of fossils, includingtrilobites, brachiopods,
and bivalves, which are in the Milwaukee PublicMuseum collections.
Cumings and Shrock (1928, p. 613) "studied the classicreef at
the Schoonmaker quarry at Wauwatosa" and statedthe following:
It is a small reef with a very steep flank anddown-curved
base, so that the entire mass is evidently'lens--shaped.The
bottom of this reef is now exposed, restingon beds that look685
Figure 101.A: Photograph of crusher and screening plant operated
by G. D. Francey, circa 1913.View is looking towards
the northeast; kilns can be seen at lower right in back-
ground.B: Photograph looking southeast toward
crusher and screening plant from the north wall, circa
1913.Photos courtesy.of Mrs. Bonnie Bliffert.686
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Figure 102.Photograph of reef core overlying bedded rock in the
northwest corner of Francey quarry (locality 80),
Milwaukee County.Note slight arching of bedded
rock in center of photo.Photo courtesy of Milwaukee
Public Museum, No. 47367; circa 1920.688
Figure 103.A: Photograph showing the east half of the northwall
of the Francey quarry, looking north from tip ofsouth
wall.Crusher is located to right of picture on south
wall and eastern portion of Schoonmaker quarry and
lime kilns located to right of picture. Reef rock can
be seen overlying bedded rock.Small mound can be
seen in basal reef rock at right of picture.Photo
courtesy of Milwaukee Public Museum No.128596.
B: Photograph of west half of north wall, showingreef
rock overlying bedded rock.Photo courtesy of
Milwaukee Public Museum, No. 128595.Taken in
1926.B
Figure 103
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to us like Waukesha. There is evidence of downbending
of the foundation, owing to the weight of the reef.The core
is very massive and entirely unetratified.
Shrock (1930, 1931, unpublished field notes) visited thequarry
and made several sections (see Figure 104).He measured the follow-
ing section in the middle of the south wall of the Francey (Schoon-
maker) quarry in 1930:
Bed 1.Dark gray, dense, compact dolomite ofan argillace-
ous color.Occurs in heavy beds, which weather
into thinner units.The units themselves break with
smooth conchoidal fracture into angular chip-like
blocks or slabs.Weathers to a buff color and ex-
hibits an earthy character.Sharply separated from
Bed 2 by a somewhat uneven contact.
Bed 2. Irregularly bedded, darkgray to light brown brecci-
ated dolomite composed of angular fragments ofgray
dolomite cemented by a chocolate-colored crystalline
matrix.The slightly weathered surface appeared to
be mottled and exhibits the brecciated character
nicely.Occurs as one massive bed 28-33 inches
thick.
Bed 3.Light blue, dense compact argillaceous limestone
in heavy beds with smooth conchoidal fracture.The
massive beds split into thinner oneson weathering and
changes in color to a buff, at thesame time becoming
somewhat earthy.Laterally, the lower portion of this
bed and No. 2 undergo some peculiar relationsas illus-
trated (see Figure 105).
Bed 4.The 4 inch layer consists ofa bluish gray crystalline
dolomite with wavy shale films.It passes upward into
a massive layer of blue, crystalline dolomite witha
rough angular fracture (18 inches).The overlying 22
inch layer is bluish-gray slightly earthy dolomite which
changes to buff when weathered.The 16 inch layer is
a buff to bluish gray semi-crystalline dolomite with
rough, angular fracture. Much like the underlying.
The 16 inch bed is like the underlying 26 inchlayer,
but breaks into thin layers more readily.
Bed 5.The 14 inch bed is composed ofa pinkish to dirty-
gray brecciated dolomite which when fresh has a691
Figure 104.Diagram showing general characteristics of the
Schoonmaker reef (locality 80) and underlying beds
at the Francey quarry (locality 80).From Shrock
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mottled appearance.Buff fragment and bluish gray
areas give the effect.Breaks up like concerete.
The overlying 16 inches is transitional.At the
base it closely resembles Bed 6 from which it is
separated by a stylolitic seam, and upward it grades into
a light-colored, even, heavy-bedded, dense compact
dolomite with conchoidal fracture. Some holes as in
the 14 inch bed.
Bed 6.Very light colored dense, compact earthy dolomite,
which is heavy bedded and breaks with fairly good
conchoidal fracture.Tough.Becomes-slightly buff
colored toward the top.
Bed 7.Fairly thin bedded (4-8 inches) buff-gray mottled
cavernous dolomite.In the quarry face these beds
are honeycombed weathered.The rock disintegrates
to a sandy powder which is yellow.The small holes
(2-5 inches across) have shale in them.The upper
beds are quite porous and about as earthy as the lower.
Laterally these beds thicken towards the reef, ride up
toward it and then pass into reef rock.
Shrock observed another unusual structure similar to those in Beds
2 and 3 (Figure 105) in the west face of the quarry (see Figure 106).
Shrock also measured a section in the northeast corner of the quarry
(see also Figure 107 and 108):
Bed 1.Bluish to dark blue, porous crystalline dolomite,
25 inches.
Bed 2.Heavy-bedded, light-colored, dense compact dolomite
with smooth conchoidal fracture, 14 feet 3 inches.
Bed 3.7 feet 9 inches of hackly, dirty gray, irregularly-
bedded dolomite.Breaks into thin irregular layers.
The reef rock rests directly on these beds.
Bed 4.67 feet of hackly, porous, granular to tough blue rock
of reefy character.
Shrock went on to describe the faunal distribution at this locality:
Bed 1 carries little in the way of fossils.The black
stringers and strap-like markings are very common. An
occasional annulated cephalopod may be seen and rarely the694
Figure 105.A) Diagram illustrating the relations between Beds 2
and 3 in the south wall of the Schoonmaker quarry,
Wauwatosa, Wisconsin (see text for description of
section).This situation was found on the south face
of the quarry near the west wend well below the reef
horizon and represents conditions previous to reef
formation. 3a-normal rock of Bed 3 as described in
text; 3b-4 inches of yellowish quartz sandstone with
some mud in it.Pebbly at base; 3c-62 inches of thinly
laminated gray to blue gray shale with little grit; 3d-4
inches of a gray, light-colored earthy dolomite which
would break down to a mud; 3e-similar to 3c, 13 inches;
2a- 3e grades downward into a blue, argillaceous dolo-
mite somewhat 1 and 3 beds.Laterally this unit grades
either into the basal portion of 3 or Bed 2, depending
on its horizon; 3f - found later is very soft blue shale
which replaces the 41 inch bed of Bed 3, and comes
above the same horizon.It is gritty to a certain extent.
Appears to be a large pile of mud, over which the
superincumbent beds arch slightly.The 50 inch bed
of Bed 3 completely covers over it.
B) Diagram illustrating the conditions along the north
face of the quarry near the west end.The beds are
slightly flexed downward over this shale pocket.ro41"*
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Figure 106. Diagram illustrating an interesting condition along
the west face of the Schoonmaker (Francey) quarry
near the northeast corner, Wauwatosa, Wisconsin.
The conglomerate or brecciated layer plays outor
bevels against the underlying Bed 1.Immediately
above it and sometimes lateral to it, comes a bluish-
gray laminated shale.The pocket at the south end
has a small deposit of quartz sand full of shell frag-
ments in it.The 30 inch bed immediately overlying
Bed 2 is partially replaced laterally by blue shale,
thin layers a foot or so thick coming both above and
below.It is possible that the contact between Beds 1
and 2 represents an unconformity of a local nature
for Bed 2 Seems to have been laid down on an uneven
surface.The sand appears to be a beach sand.75-80 feet
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Figure 107.Cross-section of the east face of the Francey
(Schoonmaker) quarry, Wauwatosa, Wisconsin.
The section is as follows:
Bed 4.Gray to blue, tough, porous, brecciated
dolomite from the reef.Bedding generally obscure.
Bed 3.Thin, irregularly bedded gray dolomite with
blocky to hackly fracture.Grades upward through
indistinct bedding to .structureless reef rock.
Bed 2.Massive, light-colored, dense, compact
earthy dolomite with conchoidal fracture.
Bed 1.Same as Bed 5 of normal section (see text).
Floor of this part of the quarry in Bed 4 of normal
section.Bed 4
Bed 3
Slight
N. dip
Bed 2
Bed 1
North
I 100 feet
Figure 107
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Figure 108.Photograph of northeast corner of Francey quarry
(locality 80), Milwaukee County, looking northeast
from the south wall.Old east portion of Schoonmaker
quarry is to right of photo.Note mounding of basal
reef beds in center of photo.Photo courtesy of
R. R. Shrock; taken in 1930.701
cast of a brachiopod. One cephalopod was 27 inches long
and 1 1/4 to 1 7/8 inches wide, cast only.
The reef facies carries the fauna in this quarry.It
is replete with a most interesting fauna of considerable
variety.Represented in the fauna are:
Bryozoa
Brachiopods
C rinoids
Cephalopods
Co rals
Trilobites
Trilobies of the genus Illaenus seem to be quite com-
mon, and orthoceratites are the chief representatives of
the cephalopods.
And, finally, Shrock (1931, unpublished field notes) made these ob-
servations:
The change from reef lithology to the stratified beds
beneath is a change from a dense, compact, argillaceous
dolomite to a druzy, blue, hard dolomite, in places
saccharoidal...
Of special interest is the change in the rock from the
reef phase which is hard and blue through a porous, earthy
sandy, slabby dolomite to the normal interreef rock of the
normal section.This reef-flank rock is much like the reef
flank phase of the Liston Creek in Indiana.
Figure 109 shows close-up of the reef beds in the south wall of the
Francey quarry, 1931.
Shrock (1939) published a description of this quarry based on
his earlier field observations.
Raasch (1953, unpublished manuscript) noted that:
...a large and well developed reef bearing a distinctive
fauna, in part rests upon and in part grades laterally into
dull, argillaceous, well bedded, minutely crystalline dolo-
mite calciluties...
He also mentioned that in the west wall of the quarry, on the flanks702
Figure 109. A and B: Close-up photographs of thecenter and the
south wall of the Francey quarry (locality 80), Milwaukee
County, between the doming and the thick-bedded inter-
reef beds in Figure 103.Photos taken in 1931 during
modernization quarry site by T. Francey. Notemassive
reef beds overlying well-bedded rocks and rather abrupt
lateral transition from massive reef rock to thick-bedded
inter-reef rock to the west.Photos courtesy of Mrs.
Bonnie Bliffert.7
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of the reef
... reefwashed calcarenites interbedded with the inter-
reef calcilutites, bear a fauna of minute brachiopods
like those present in the Hartung beds...
W. Manegold (1976, personal communication) remembered that
the road (68th Street) ran on bedrock on the west side of Schoonmaker
quarry when he was a boy, and F. Babich (1978, personal communica-
tion) recalled that the Busack quarry, west of Schoonmaker's,was
filled when 69th Street was constructed.
The quarry was purchased from Schoonmaker by G. D. Francey
in 1910 and quarrying operations were begun in the western part of
the area.In 1931, T. Francey assumed operation of the quarry and
erected a new plant, replacing the old tracks and dumpcars with
trucks.Quarrying during the 1920's and 1930's was carriedon pri-
marily to the west and north in the western part of thequarry site.
Quarry operations ceased in the early 1950's and the Francey,quarry
site was used as a dump by the Marchese Brothers Construction
Company. The old eastern quarry site (Schoonmaker)was built over
by Western Metals Company. Francey' quarry was completely filled
by 1970 and a food store has been built on this site.The old north
wall of the eastern part of the quarry property is still visible and
has changed little since Schoonmaker operated his lime kilns.About
six feet of the highest portion of the reef in the north wall of the
Francey quarry site is exposed for approximately 50 feet just east705
of the Jewel Food Store.
Although most of the reef and surrounding beds have been cov-
ered, a number of characteristics of the reef can be deduced from
the older descriptions, old photographs, and current exposures.
The eastern part of the reef (behind the Western Metals plant) has
changed little since Schoonmaker operated the kilns (Francey did not
aperate the kilns).The rock appears to be massive reef core with
a few possible, vaguely defined beds dipping towards the north-north-
east near the center of the exposure.The rock is highly cemented
towards the west and is moderately fossiliferous; stromatoporoids,
tabulate corals, brachiopods, cephalopods, bryozoans, and the
trilobites Sphaerexochus romingeri, Bumastus cuniculus and
Hadromerus welleri represent the typical fauna.At the east end
of the Francey quarry property (east end of food store parking lot),
the rock is covered, but old photographs and previous descriptions
(Shrock, 1939) indicate that reef flank beds were dipping towards the
southeast and southwest below the present ground level (see Figure
110).Shrock (1930, unpublished field notes; 1939) indicated that two
small mounds were present in the north wall at this location, with
dips 32 ° to the south and photographs of the area suggest that the
dipping beds are related to these mounds. Shrock also noted that the
beds around the old incline to the original crusher at the Francey
quarry were about 15-22° towards the south-southeast and were706
Figure 110.A: Photograph looking east from top of southwest
corner of Francey quarry.Note reef flank beds dipping
south-southwest in center of photo. Compare with
Figure 100A.Photo taken by A. Riemenschneider in
1934; courtesy of Milwaukee Public Library, No. 22C.
B: Photograph looking west from southeast corner of
Francey quarry. Reef core has been quarried away
along west wall. Compare with Figures 99 and 104.
Mounding in basal reef beds seen in north wall (right).
Dip towards southwest seen in exposures in lower left
of photo; circa late 1930's.Photo courtesy of Mrs.
Bonnie Bliffert.A
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domed in the reef rock at this location.This part of the dome may
be part of, or related to, the mounds in the north wall and all of them
probably represent the early stages of reef growth.Presence of
small individual mounds has also been observed by Day (1877) and
Graham (1903).It is not known if these were satellite reefs or
mounds as described above. Chamberlin (1877) reported an eastward
dip along most of the eastern part of the outcrop when the north wall
had not yet been extended back as far as in later descriptions.The
reef rock along the south wall in the Francey quarry continues to
the west for 300 feet.Detailed photographs of the area, from the
original crusher incline west to the end of the reef rock exposure,
indicate that the reef beds have significantly compressed the underly-
ing rock so that it dips towards the northeast on the west side of the
dome before it dips southeast near the center of the mound. The
whole area around this mound reveals that the underlying rocks have
been compressed. To the west of the reef rock in the south wall,
inter-reef beds occur almost to the west wall.Along the north wall,
to the west of the small mounds, the reef core is uniform in composi-
tion, similar to the exposures behind the Western Metals building.
About 10 feet of rock is exposed in the present southward-projecting
wall just east of the food store; this is the last remaining westward
exposure of the reef.The rock here is a highly cemented (J. McGov-
ney, 1978, personal communication) dolomite with a few scattered709
fossils present that are typical of the core lithology.The rock and
fauna is similar to that exposed to the east. Some of the cement
appears to be organically controlled.This lithology continued at
least 20 feet below the present exposures. Diagrams and photographs
of the western portions of the north wall show it to be very similar to
reef core rock and unbedded.The base of this reef is relatively
horizontal and not depressed into the underlying beds as the reef in
the south wall.However, this portion of the wall was blasted back
to the west and north during the 1940's and 1950's.Dipping flank
beds were uncovered just west of the center of the wall, exposing
highly fossiliferous, thick-bedded, porous rock overlying granular,
poorly fossiliferous flank beds dipping 10° north-northwest.The
highly fossiliferous rock commonly contained badly broken fragments
of tabulate corals (Halysites), indicating close proximity to a high-
energy environment.The presence of the dipping beds fits the
pattern described by Shrock (1939) and Chamberlin (1877) of rock
dipping southwest, west, and northwest from the western end of the
quarry.Both Hall (1861) and Chamberlin (1877) showed dipping flank
beds along the west side of the Schoonmaker quarry when the north
wall was probably farther south than when Shrock made his observa-
tion in the 1930's.The classic exposure of the reef and flank beds
in the west wall has been illustrated by Alden (1906, Figure 10; 1918),
showing the flank beds of the reef dipping to the southwest.710
Chamberlin's (1877) description of the exposure of the reef-inter-
reef transition in this area indicates that the individual flank beds
increase in thickness and change in character until they merge into
the reef core and can no longer be distinguished. A photograph (see
Figure 110B) taken during the late 1930's shows that this wall had
been largely removed by quarrying and-that the rock farther to the
west was well-bedded with only a slight doming towards the upper
portion of the middle.This exposure, along with those of the adja-
cent Busack quarry, indicate that the Schoonmaker reef is an elongate
ridge running east-west.
Busack Quarry
Locality 80
SE 1/4, SE 1/4, SW 1/4, or SW 1/4, SW 1/4, SE 1/4, Section 22,
T. 7 N., R. 21 E., Wauwatosa, Milwaukee County, Wisconsin
elevation: 650 feet
This is a small filled quarry located just west of the Schoon-
maker quarry and N. 68th Street(?) and just north of W. State Street.
Walling (1858) located the quarry just west of the center line
of Section 22 on the north side of State Street on land owned by
Mr Rorick.
Hall (1862) described the rocks exposed in this quarry in rela-
tionship to the Schoonmaker reef, but does not give a name for it711
(see Hall's description under the discussion of the Schoonmaker
quarry).
Lapham (1873, unpublished field notes) briefly mentioneda
building stone quarry owned by Carl Busack a little west of Schoon-
maker's and mentioned that a spring from the rock surface deposited
considerable iron rust, discoloring the ground.
Chamberlin (1877; p. 365-367) described and illustrated the
relationships of the Busack and Schoonmaker quarries (see the dis-
cussion of the Schoonmaker quarry for details).He also noted that
(1877, p. 367):
The rock at Storey's (sic) and Schwickhart's (sic)
quarries, within the triangle before mentioned, is closely
similar to that in the western part of Busack'squarry, and
the same remark may be made of the fossils, whichcon-
sist mainly of Orthoce ratites.But in Busack's quarry,
where the strata approach the reef, the fauna is much
amplified, and we find Halysites catenulatus,an undeter-
mined Trematopora, Streptelasma and Fenestella,
Stephaocrinus gemmiformis, Orthis biloba, 0. elegantula,
Strophomena rhomboidalis, Streporhynchus subplanum,
Atrypa reticularis, Rhynchonella neglecta, Platyceras
Niagarense, Orthoceras annulatum, a new species of
Phragmoceras, found also in the adjoining reef,a
Gomphoceras, Calymene Niaganensis, Encrinurus
ornatus, and a new species found also at Zimmerman's
quarry, Illaenus Ioxus, and Bronteus Acamas.
From all the foregoing facts, it may be regarded
as fairly demonstrated that these horizontal beds were
laid down simultaneously with the formation of the mounds.
The cellular nature of the rock of the latter, and theun-
compressed condition of fragile fossils,are fatal to any
theory of upheaval, or other violent action.
A newspaper article (Milwaukee Sentinel, May 11, 1874)stated712
that the Milms Brothers, sons of the late C. T. Milms, have become
the proprietors of the Wauwatosa quarry until recently worked by
Mr. Carl Busack.
Alden (1898, unpublished field notes) stated that in the S 1/2
of Section 22 "just west of the point of the hill is a quarry hole full
of water.The rock is exposed in the west slope of the hill, but about
5 ft. above the flat (nearly horizontal).Alden (1906) also described
this quarry and this description is under the section on the Schoon-
maker quarry.
Shrock (1930, unpublished field notes) could find no trace of
the Busack quarry.
W. Manegold (1976, personal communication) noted that the
quarry was about 150 feet from State Street. He recalled that the
Busack quarry was small and very shallow in parts; he remembers
seeing a cow standing in it in the flat area west of the hill of Schoon-
maker reef.He also recalled that the Schoonmaker quarry had en-
croached on Wauwatosa city land and had to let the city use part of
the quarry as a free dump which was buried with 10-20 feet of dirt.
It is possible that this quarry site was quarried away during
westward expansion of the Francey operations in the adjacent
Schoonmaker reef, or it could possibly have been covered by the
present 68th Street since this road had been angled towards the
southwest in the early 1900's and part of the former Busack713
property was excavated by Francey.
Menomonee River Outcrops
Locality 81
E 1/2, NE 1/4, Section 27, and NW 1/4, Section 26, T. 7 N., R.
21 E., Wauwatosa Township, Cities of Milwaukee and Wauwatosa,
Milwaukee County
MPM x36. 9
elevation:
There are a number of natureal outcrops along the Menomonee
River from the footbridge (approximately N. 64th Street) in Jacobus
Park, Wauwatosa, for three-fourths mile east to approximately
N. 50th Street, where the bridge to the Manego.ld quarry crosses
the river, in Milwaukee. Rock is exposed in the river bed through
most of this area, but approximately six feet of rock is exposed
around N. 59th Street to N. 60th Stteet on the south side of the river
in the Menomonee River Parkway. The rock in this exposure is
thick- to thin-bedded dolomite, nodular in appearance with some
dense, fine-grained, well-bedded rock at the highest point. A few
poorly preserved Dawsonoceras were found scattered on some of
the more irregular bedding surfaces in the upper few feet of the out-
crop.714
Washington Park Sewer Tunnel
Locality 82
SW 1/4, NW 1/4, Section 24, T. 7 N., R. 21 E.,Wauwatosa Town-
ship, City of Milwaukee, Milwaukee County.
elevation:
In 2969, a 14 foot diameter sewer tunnelwas excavated 600 feet
north and 200 feet south froma 50-60 foot deep main shaft located
near the swimming pool in the northeast corner of Washington Park
(J. Emielity, 1979, personal communication). Bedrockexcavated
from this tunnel was dumped at Schweickhartquarry landfill site one
and one-fourth miles to the southwest.The rock is a light brown,
dense, massive, fine-grained, locallyporous, vuggy fossiliferous
dolomite.It appears to be reefal Racine Dolomite anda number of
specimens of the tabulate coral Favositesare present, one of which
is an elongate colony; also presentare one "Amplexus" coral and
one gastropod. Pelmatozoans and fine fossil debris israre or absent.
Material collected from this locality is depositedin the Milwaukee
Public Museum.715
Milwaukee County General Hospital Addition
Locality 83
NE 1/4, Section 28, T. 7 N., R. 21 E., WauwatosaTownship,
Milwaukee County Institutions Grounds, Milwaukee County.
elevation: approximately 700 feet
In 1954 an excavation for an addition to MilwaukeeCounty
General Hospital struck bedrock approximately20 feet below the
ground surface.The rock exposed might have been part ofa
mound-like structure since it was not encounteredin all parts of
the excavation (J. Emielity, 1979, personalcommunication).
Litho logically and faunally rock for this excavationis similar to
that from the Schoonmaker reef and probablyrepre sents reefal
Racine Dolomite.
Lloyd Street Sewer Tunnel
Locality 84
E 1/2, NW 1/4, NW 1/4, Section 19, T.7 N., R. 22 E., City of
Milwaukee, Milwaukee County.
elevation: 595 feet (top of bedrock)
A sewer tunnel was excavated 150 feetsouth of W. Lloyd Street
and just west of N. 25th Street in 1971.Bedrock was reached ata
depth of 65 feet.The rock appears to be reefoidal RacineDolomite,716
lithologically and faunally almost identical to that of Schoonmaker
and Moody reefs.Two lithologies are present, the most predominant
being medium light gray, crystalline, massive,slightly porous,
fossiliferous dolomite, breaking with an irregular textureand frac-
ture.Local patches of small fossils, particularly "stick" bryozoans
as at Schoonmaker reef, arecharacteristic of this rock.Other
fossils include Bumastus cuniculus, Sphaerexochus romingeri,
Halysites, Favosites, "Amplexus, " and Dawsonoceras.There is
little or no pelmatozoan debris present.The other lithology is a
very dense, light olive gray mottledmedium light gray, crystalline,
massive, irregularly breaking (but with a smooth texture), very
fine-grained dolomite with little or no porosity.The only fossils
are localized occurrences ofthe brachiopod.. Rock from this sewer
tunnel was dumped north of the railroad tracks near the center,
Section 22, T. 8 N., R. 22 E., City of Milwaukee.
Currie Park (Zimmerman) Quarry
Locality 85
SE 1/4, NE 1/4, Section 7, T. 7 N., R. 21 E., Wauwatosa Township,
City of Wauwatosa, Milwaukee County.
MPM x37. 13
elevation: 690-700 feet (top of quarry on north side)
A large, completely filled quarry is located on the south side717
of the Monomonee River west of State Highway 100in Currie Park.
The quarry was dug into a northeast-facing bluff (see Figure111).
The bedrock is quite close to the surface along parts of the
Menomonee River in this general area, butno natural outcrops
can be positively identified.Abundant slabs of dolomite are present
in the river bed adjacent to the quarry site but theymay be, in
part, the result of former quarrying operations.
This quarry was first mentioned by T. J. Hale (1860,unpub-
lished field notes) who described itas follows:
...Waukesha Limestone of a softer nature than at Waukesha,
and resembles that at Potter's Lake (Castleman's (sic)
auarry).The stratification is tin varying fromone to two
inches in the upper feet of the ledge to 6 inches at thebottom,
with an exposure of 18 feet.It is located on the bank of the
Menomonee River, is quarried extensively for building and
for road material, is owned by Mr. Clark Brookins. A
few fossils, slabs are quarried here 4 and 5 feetsquare
but the upper layers are thin andmore broken up.
In 1865 I. A. Lapham (unpublished field notes) listed thefollow-
ing fauna from the Zimmermann quarry in the NE 1/4,Section 7:
corals
small crinoid
Dalmania vigilans
other trilobites
ALLypa. reticularis
Orthocera undulatum
Chamberlin (1877, p. 367) referred to thisquarry as Zimmer-
man's quarry and assigned the exposed stratato the Racine Dolomite.
His description is as follows:718
Figure 111.Airphoto (A) and locality map (B) of Zimmermann,
Hartung quarry, and small outcrop near the intersec-
tion of Hwy. 100 and Menomonee River Pkwy. Air-
photo from National Archives and Records Service,
General Services Administration, No. WX-1B-52;
date:10-25-41.719
A
Zimmerman
4110
(City)
Quarry
Currie
Park
/i
/
W. Capitol
/lie
/1)0,)e,e,
Dr.
Keefe Ave.
-).-'
",,c,
..3
en.
et. W.
o ,-----,
.2,r,
3
Hartung
1?..-------c-------..A
Quarry
island"
eo
I a)
1 z. I
6.)
<-W Concordia Av. e,W.
B
Figure 111720
...at Zimmerman's quarry, in Section 7, N.E. qr. Wauwatosa,
ther is an even-bedded limestone of compact or minutely
cellular texture, very similar to that of some layers in the
eastern part of Busack's quarry already described, and to
which they are equivalent, as shown by the contained fossils.
As quarried, the layers are thin, but the true beds are of
more considerable thickness, a statement which is true of
most or all the flags and apparently thin-bedded strata of
this region.
Chamberlin (p. 372-377) also gave a faunal list for this locality. An
examination of specimens collected from this locality in the 1880's
and early 1890's now housed in the Greene Museum (University of
Wisconsin-Milwaukee) indicates that the main trilobite beds, produc-
ing abundant specimens of Flexicalymene, had not yet been reached.
The following fossils are present in this collection:
Lichenalia - 1
cephalopods - 15
"plants" (=trace fossils) - 10
Dalmanites sp. - 2
Flexicalymene sp. - 1
Encrinurus sp. - 4
brachiopods - 2
In 1898 Alden (unpublished field notes) visited the Zimmermann
quarry and described it as follows:
The quarry in the west bank of the Menominee (sic) and
shows a 10-25 ft. section.The rock is stripped of 4-6 ft.
of buff till on the uphill side.The rock is thin bedded and
shelving at the top, thickening downward till 3-6 in. in
thickness.The bedding is nearly horizontal and the rock
is little disturbed and fractured... The rock is dolomitic...
The weathered surface is light buff and the fresh fracture an
even gray limestone.The rock is generally even grained
and quite easy to dress.In one or two places there is dis-
integration along a joint to light yellow clay.The rock is
not very fossiliferous though some specimens were found...721
Minute pores of pitchy asphalt were seen in some places.
Glaciation is seen on the stripped surfaces.
Alden (1906, p. 2) published a description of this quarry based on his
earlier field work and suggested that these strata belonged to the
upper part of the Racine Dolomite. He also located the quarry on
his Areal Geology Map.
The Zimmerman Farm was purchased by Milwaukee County in
the early 1900's as a park site, however, the quarry was still used
extensively for building stone purposes, especially by W. P. A.
projects during the 1930's.During this period the quarry was re-
ferred to by various names, including Currie Park quarry, City
quarry and County quarry (see Figure 112). Rock from this quarry
can still be seen lining creek banks in various parts of Milwaukee
and large blocks were also dumped as rip-rap along the Lake Michigan
sho re.
Shrock (1930, unpublished field notes) measured a detailed sec-
tion (see Figure 113) of the quarry as follows:
Bed 1.The lowest 30 in. are under water but the rock
appears to be the same as that above.
The three beds, 10 in., 28 in., and 19 in. are
exposed only in the sump. The top of the 19 in. forms
the floor of the quarry.
The rock is a dense, fine, even-grained, light-
colored dolomite with fairly smooth, conchoidal frac-
ture.The individual layers are separated by thin
films of dark blue shale 1/16 to 1/8 in. thick.In the
floor of the quarry this shale appears to be composed
of peculiar fucoidal, strap-like structures.Through-
out the rock occur strap-like and stringer structures722
Figure 112.Photographs of the west and south walls of the
Zimmermann quarry (locality 85) while being
worked by the City of Milwaukee, circa 1920's.
Photo courtesy of Milwaukee Public Museum
No. 417744 and 417746.Figure 112 4N
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of black color.They may be sea-weeds. Much like
markings of Mississinewa shale, which the rock re-
sembles very closely. A fairly well-preserved
Calymene was found in the 28 in. bed.
The individual beds break into wedge-shaped
units and exhibit beautiful conchoidal fracture.
Small nodules (1/2 in. ±) of marcasite are common
in some of the beds, in the middle portion of the
section.
The rock is quite homogeneous throughout the
entire section, retaining it a blue color, except
where changed to buff along the separation planes
by weathering, and appearing massive, although
breaking into thinner courses when thoroughly
weathered.
Bed 2.Lumpy, bluish-gray, dense, dolomite with a very
hackly fracture.The rock disintegrates like rotten
concrete, but is quite massive in the quarry wall.
Upon weathering it seems to be composed of many
brecciated fragments enclosed in a matrix much
like the material of the fragments.The stone has a
light brownish tinge which also sets it apart from
the lighter underlying rock. Somewhat porous.
Bed 3.Light-colored, flaggy, porous dolomite.The
separation planes are lumpy and sometimes have thin
films of dark shale along them. Numerous iron-
stained crinoid stems.Several large cephalopods
were observed in this section.The rock has an
irregular fracture, weathers to an earthy condition
and becomes buff-colored.
The lower layers average 4 in. -6 in. or more
inches.The upper 8 ft-10 ft. is bluer and somewhat
more crystalline.
Flags vary in upper portion from2 in. -4 in.
thick.
The upper surface is beautifully striated and
polished, with the striae striking in a S62W direction.
During the 1930's the main trilobite bed was reached and large
numbers of Flexicalymene celebra and other trilobites and brachio-
pods were collected by G. 0. Raasch and others.The following is726
a faunal list made by Raasch at that time:
Dictyonema?
Duncanella borealis?
Amplexus?
Favosites (small Maryland form)
crinoid joints and plates
Undet. Bryozoan (discoid growths)
Undet. Bryozoan (fuliform, encrusting)
Fenestella sp.
Semicoscinium sp.
Crania (striate, coarsely)
Crania? (elevated)
Dinobolus? (minute)
"oboloid" (fine muscle scars)
Undet. Neotremate?
Dictyonella reticulata
Dictyonella? (good)
Camarotoechia? sp. (good)
Atrypa reticularis
Atrypa? (fine, sculptured, concentric markings)
Undet. Brach (4)
Spirifer radiatus
Reticularia bicostata
Meristina? sp.1 (1 good specimen)
Meristina? sp. 2 (2 specimens)
Rhynchospira?
Dalmanella elegantula
Rhipidomella hybrida?
Undet. brach=Dalmanellae?
Orthis flabellites var.
Bilobites bilobus?
Plectambonites sp.
Chlorinda ventricosa?
Undet. pentameroid? (1)
Calymene niagarensis
Cheirurus niagarensis
C. hydei
Phacops handwerki
Sphaerexochus romingeri
Illaenus cuniculus
Illaenus sp.
Encrinurus egani
E. tuberculifrons
Dalmanite s platycaudatu s727
Staurocephalus? sp.
Dalmanites sp. 2
Undet. Odontopleuridae or Lichididae
Undet. part of trilobite
at least 3 species of ostracods
Large collections made by Raasch and other individuals are in the
Milwaukee Public Museum and somewhat smaller collections are in
the University of Wisconsin Geology Museum and the Museum of
Paleontology at the University of Michigan, Ann Arbor.The exact
depth of the main trilobite layer is not known, but it was approxi-
mately in the middle of the section when the quarry had reached its
maximum depth (80-90 feet?) (Raasch, 1973, personal communica-
tion;; J. Emielity, 1979, personal communication).
In 193 7 the quarry was visited as the last stop (Stop #12, City-
County Quarry) on the Tri-State Field Conference (Thwaites et al.
193 7) and the following description was given:
The strata exposed in the Currie Park quarry belong
entirely to the inter-reef facies of the Racine.The even
bedding and the somewhat uniform thickness of the beds
makes this rock excellent for building purposes. Most
beds contain few fossils but one about 20 feet from the top
of the quarry is frequently studded on the surface with
tests of Calymene.
This measurement of the depth of the main trilobite bedas 20 feet
from the top of the quarry was probably made along the river (north)
side of the quarry where the surface of the bedrock wassome 10 to
20 feet lower than on the south.This would account for the differ-
ences in depths reported by Thwaites et al. (1937) and Raasch and728
Emielity.It is also of interest that the idea for the formation of
the National Association of Geological Teachers was conceived at
this site on that 1937 Tri-State Field Conference by F. Fryxell,
D. Delo, N. Miner, L. Wilson, and M. Wing (F. Fryxell, 1979,
written communication).
Eisemann (1940) briefly mentioned this quarry and illustrated
the building stone operations there.
Sometime after 1941 the quarry was used as a dumpsite and
by the late 1940's only a few feet of rock was exposed (J. Emielity,
1979, personal communication). By 1950 the quarry was completely
covered.Essentially the same beds, including the main trilobite
later, are still exposed in the Hartung quarry, which is presently
a dumpsite.
W line, SW 1/4, NW 1/4, NW 1/4, Section 8,T. 7 N., R. 21 E.,
Wauwatosa Township, City of Wauwatosa, Milwaukee County.
elevation: approximately 690 feet
In the late 1960's bridge construction at the intersection of
W. Menomonee River Parkway and W. Grantosa Parkway on the
east side of State Highway 100, just east of the Currie Park quarry
site, uncovered a few feet of rock (thin- to medium-bedded, light
brown dolomite) (see Figure 111) like that exposed in the Hartung
quarry and formerly exposed in the Currie Park quarry.At the729
north end of the bridge on the south side of the stream a foot or so
of rock is still exposed.
Hartung Quarry
Locality 86
NE 1/4, SW 1/4, and along the West line of the NW 1/4, SE 1/4,
Section 8,T. 7 N., R. 21 E., Wauwatosa Township, Cities of
Milwaukee and Wauwatosa, Milwaukee County.
MPM x37. 14
elevation: approximately 700 feet (bedrock surface is highest in
S 1/2 of the quarry and lowest in the northeast corner)
The quarry is bounded by W. Keefe Avenue on the north,
W. Menomonee River Pkwy. on the west, and W. 99th Street on
the east.This is the site of the large abandoned quarry which is
currently being used as a landfill site by the City of Milwaukee.The
quarry was started around 1910 by F. Hartung (W. Manegold, 1976,
personal communication).There are no known natural outcrops in
this area and the quarry was begun when bedrock was uncovered in
a gravel pit.The quarry appears to have been opened in its current
southeastern corner and was operated towards the west and north
from that location.
Shrock (1930, unpublished field notes) considered this rock to
be part of the Racine Dolomite and gave the following section (see730
Figure 114):
Bed 1.Light gray to bluish gray, dense, compact earthy
dolomite in even beds, which are heavy when fresh,
but which break into thin beds when thoroughly
weathered.Beds 4-8 inches.
The rock has many strap-like markings of a fucoidal
nature, many small black stringers-streaks of black
to blue whale very thin, and many marcasite nodules
which leave holes and stain the rock when they de-
compose.
Trilobites occur quite abundantly at certain horizons
as indicated and are very well preserved.
The large pocket of shale occurs along the east face
of the sump and is composed of laminated or massive
shale, sandy shale, etc., all yellow, blue, or green
in color.
Some of the bes, and parts of some of the beds, where
water circulation has been good, are weathered to a
buff color and are a bit earthy to "sandy."
Bed 2.Pinkish to light-chocolate colored, crystalline druzy
dolomite, having the appearance of breccia in places.
Weathers nodular.Breaks up into thin layers 2-4
inches thick separated by stylolite seams. Hackly
fracture.
Bed 3.Flaggy, light colored, dense, even-grained dolomite.
Layers average 4-8 inches.
The upper 15 feet of Bed 1 are being quarried for
rubble and building stone, the courses running about
4-8 inches thick.Other rock crushed.
Shrock also described the fauna in some detail:
The indicated beds in Bed 1 of the quarry carrya very
unusual trilobite fauna, both in numbers and state of obser-
vation.Hundreds of trilobites or their casts were seen and
many fine specimens collected.On a single slab 8 speci-
mens were found.The trilobite apparently belong to only
two species.
Calymene niagarensis
Ceraurus sp.
The former are by far the more prolific of the two.Only
two specimens of the latter were collected (or seen).Associ-
ated fauna with the trilobites were found-top of
quarry
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Atrypa reticularis
Leptaena rhomboidalis
Gypiula? sp.
a fenestellid bryozoan
a gastropod close to Hormostoma
Camarotoechia? sp.
Where the trilobites are most prolific, however, no other
forms were seen.The quarry workers reported that when
the trilobite bearing beds were being quarries they saw
many of the "bugs. "
Bed 2 contains no fossils so far as examination indi-
cated.
Bed 3 carries a cephalopod fauna.No other fossils
were seen.The cephalopods are chiefly annulates, several
being 12-18 inches in length and 1 1/2-2 inches across.
Probably 6-8 specimens were seen but only two were
collected.
In addition to the more easily identified forms, there
occur throughout the quarry section many minute stem-like
markings which are black and in some cases partly pyritized.
There are also some large strap-like markings, some of
which are several inches long and 1/8-2/3 inch wide.There
may be sea weeds.The Mississinewa Shale of Indiana car-
ries a similar fauna.
Large numbers of the trilobite Flexicalymene celebra and the
associated fauna have been collected from this quarry, particularly in
the 1950's and 1960's, and can still be found after diligent search.
A large collection of this material (mostly assembled by J. Emielity)
is present in the Milwaukee Public Museum collections.
The quarry was closed in the early 1960's and has been used
as a dumpsite since then (see Figure 115); approximately 30 feet of
the lowest beds in the section formerly exposed in the quarry have
been covered, but 70 feet are still exposed.This lower 30 feet was
paleontologically and lithologically very similar to overlying beds.733
Figure 115.Photographs of the Hartung quarry (locality 86),
Milwaukee County.(A), looking northeast with
"island" on the right; (B) looking southwest.Photos
courtesy of Milwaukee Public Museum, taken in
1962, Nos. G-114-L (A); G-114-D (B).734
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In general, the rock in thisquarry is a fine-grained, well-
bedded dolomite, with beds averaging 6inches to one foot in thick-
ness.The rock appears to be massive alonglarge, weathered verti-
cal joints, but in reality it is well-bedded.The predominant color
of the rock is very pale yellowish-brownon fresh surfaces and
weathers to a light gray.The fossils in these bedsare dark yellow-
ish-brown on fresh surfaces and weatherto light gray.There are
also beds, particularly in theupper part of the section, that are a
very pale orange with dark yellowish-brown fossils,with both fossils
and matrix weathering toa pale yellowish-brown.Stylolitic bedding
planes are common asare dark, very thin, irregular, argillaceous
bedding partings.Small fossils are common ina few layers, occur-
ring as numerous minute cavities. Somebedding planes havemany
dark-colored, horizontal trails and thereare occasionally small
vertical burrows filled with marcasite.
A section measured in the vicinityof the sump and continuing
up along the "island" is as follows:
Unit 1.Five to six feet of very fine-grained,very pale yellow-
ish-brown, thick-bedded-appearingdolomite, with some bedsap-
proximately four to six inches thick.Stylolitic bedding planesare
occasionally prominent. Some bedsare mottled with numerous
medium-gray, horizontal trails(?).Fossils are rare.
Unit 2.Unit 2 is 22 inches thick and isconspicuous with a736
nodular appearance on weatheredsurfaces.This unit is very pale
yellowish-brown mottled witha medium gray. Rock is more crystal-
line than other units in thequarry.There are some smallvugs lined
with calcite crystals.
Unit 3.Unit is six feet eight inches thick andis similar to
Unit 1, being a dense, fine-grained,very pale yellowish-brown with
scattered medium gray horizontal andvertical trails and burrows.
The upper one foot containsa three inch fossil layer with common
minute fossil fragments anda few scattered larger fossils.The
bottom half of this unit contains onlya few small fossil fragments.
Bedding appears to be massive, butbreaks into six to eight inch beds.
On vertical faces rock breaks withlarge-scale conchoidal fracture.
Near the middle of this unitsome beds become more fossiliferous
with a few brachiopods, smallrugose corals, and pelmatozoan stem
fragments being conspicuous.
Unit 4.Twelve inches. Sameas Unit 2.
Unit 5.Eighteen inches.Similar to Unit 3 inappearance with
beds four to eight inches thick.There are a number of burrowsand
trails in this unit and vertical surfacesof the beds appear to havea
large-scale conchoidal-like fracturewhen broken. A 15 inch thick,
fossiliferous layer is found four feettwo inches from the top of this
unit.Small fossils, particularly pelmatozoanfragments, brachio-
pods, rugose corals, and trilobites,are common in this layer.The73 7
largest fossils are usually trilobites, being two to three inches in
length; brachiopods are seldom more than one-half inch in diameter.
The larger fossils are generally localized in lensoidal-like accumula-
tions.The trilobite Flexicalymene celebra is the most common
trilobite and is usually found complete.Other trilobites are usually
disarticulated with the exception of specimens of "Cheirurus" hydei,
which are often found partially articulated.This layer contains the
highest fossil diversity of any bed in the quarry.
Unit 6.Twenty-five feet of poorly fossiliferous, fine-grained,
dense dolomite yellowish-brown at the top with little mottling and
some pyritized burrows and trails.Upper two feet is very thin-
bedded with irregular bedding planes.Four feet five inches from
the top is a layer of small scattered rounded marcadite nodules.
Shrock's (1930, unpublished field notes) trilobite beds came from
this horizon at approximately the same level as the marcasite band,
but are not present at the location of this section.Trilobites are
found at this level in other parts of the quarry, particularly the north
and west walls.
Unit 7.Thin-bedded dolomite as below which is seven feet
six inches thick.At the bottom of this unit is a six inch layer con-
taining small vugs.Four feet from the top is a layer of fossiliferous
debris, primarily small pelmatozoan fragments with small rugose
corals and brachiopods.No trilobites are present.738
Unit 8.This unit is 24 inches thick and the same as Shrock's
(1930, unpublished field notes) Bed 2.
Unit 9.This unit is 12 inches thick and the same as Shrock's
(1930, unpublished field notes) Bed 3.
There are at least three different trilobite beds in this quarry.
A trilobite layer formerly was exposed along the west wall about 10
to 15 feet below the level of the section.This layer contains
Flexicalymene celebra and other typical fossils of this association.
The main trilobite layer has already been described as having the
highest fossil diversity of any beds in the quarry. Most of the
Flexicalymene occur above the main concentration of fosSils in
this layer.The trilobite bed described by Shrock (193 0, unpublished
field notes) contains mostly Flexicalymene with only a few other
fossils present.
Throughout the entire section trace fossils are reasonably
common and orthocones up to several feet in length are scattered
through many of the beds, including those that appear to be other-
wise unfossiliferous:739
Petzold's Quarry and Mud CreekExposures
Locality 87
W 1/2, SW 1/4, NE 1/4, andNE 1/4, SW 1/4, Section 1,T. 7 N.,
R. 21 E., Wauwatosa Township,City of Milwaukee, Milwaukee
County.
MPM x36. 11 and x36. 12
elevation: 640 feet at easternmostexposures
A number of old quarries andoutcrops are located along Lincoln
(Mud) Creek in the Lincoln CreekParkway, just south of the part of
Milwaukee known as North Milwaukee.The outcrops extend south
from W. Glendale Avenue to W.Congress Street and west along
Lincoln Creek Parkway to N. 39thStreet.Lincoln Creek has been
partially straightened and examinationof Alden's (1906) Areal
Geology Map shows that outcropswere formerly present along the
creek as it continued to the southfrom its current bend to thewest
at the center of Section 1 to about W.Hope Avenue (W 1/2, NW 1/4,
SE 1/4, Section 1).Additional exposureswere located at the former
site of the creek betweenapproximately N. 38th Street andN. 39th
Street in the vicinity of N.Sercombe Street (SW 1/4, NE 1/4,SW 1/4,
Section 1, MPM x36. 12).Both of these areaswere covered when the
stream was straightened.Several feet of the Wausakeeare currently
exposed along the east bank of thecreek and a foot or so is exposed740
along the west bank, as well as in the creek bed.
Walling (1858) showed that the land in the SW 1/4, SW 1/4,
NE 1/4, Section 1 was owned by G. Groose. Two lime kilns were
located on each side of the creek on this property.
Hall (1862, p. 70) described beds of the Onondaga-Salt Group
and mentioned that the outcrop "is in low or level ground, a few
miles to the northwest of Milwaukee." He was probably referring
to the Mud Creek locality.
Chamberlin (1877, p. 390-394) in his description of the Lower
Helderberg Limestone stated that (p. 390):
Four miles northwest of the city of MilwaukeeSec. 7,
town of Wauwatosa--in the banks of Mud Creek, are two
low exposures of a shaly limestone, that differs in litho-
logical character from both the Niagara limestone, upon
which it rests, and the Hamilton cement stone, by which
it is overlaid.The rock is a hard, brittle, light gray,
magnesian limestone, distinguished by numerous minute,
angular cavities, that give it a very peculiar, porous
structure.It is thin bedded and laminated, by virtue of
which it splits very readily into flags and thin plates, which
are, for the most part, too brittle, and too much subject to
further splitting, to be serviceable as paving, but which
are considered valuable for Macadamizing. A transverse
fracture of some of the layers exhibits an alternation of
gray and dark colored laminae, peculiarly characteristic
of this formation.The rock is nearly pure dolomite...
He also mentioned that the rock under the Hamilton cement stone
(Middle Devonian Milwaukee Formation), exposed around the present
site of Estabrook Park two miles to the east, was equivalent to the
Mud Creek beds, but these beds are now thought to be part of the741
Devonian Thiensville Formation. Chamberlin reported that the
fossils were very rare in the Lower Helderberg, but he did find one
specimen of Me ristella nucleolata, an Orthis, and a poor specimen
of Meristella or Pentamerus after a long search, apparently collected
at the Mud Creek locality.
Alden (1898, unpublished field notes) described Emil Petzold's
quzrry (see Figure 116) in Section 1 as follows:
The limestone is exposed in the creek bed and has been
excavated giving a ten foot section.The rock is a hard
gray dolomitic rock, finely laminated and very thin bedded
in the upper.Splitting in slabs 1/2 inch in thickness.The
layers thicken downward to four or five inches but no good
foundation rock has been taken out. A crusher has just
been put in running probably 50 yds. per day.About one
dozen men are employed.The rock was used by Mr.
Petzold's father for lime, and is said to have made very
strong lime.Beds 2 ft. thick were said to have been
removed, but are now under water and not seen.The
strata are nearly horizontal.No traces of fossils were
seen in the rock.The rock is exposed in the creek bed
for about 3/8 of a mile between the two railroad bridges.
It shows slight variation in dip of 5° either to north or
south.
In 1960 Alden (p. 2) included the Mud Creek exposures in his
Waubakee Formation of the Cayuga Group:
The deposits are best exposed at Mr. Emil Petzold's quarry
on Mud Creek,1 mile south of North Milwaukee.The same
beds are exposed one-fourth of a mile further west, on the
same creek.The rock is gray to brownish-gray finely
laminated magnesian limestone, splitting readily into slabs
one-half inch to four inches thick. A thickness of 10 to 12
feet is exposed.The lower strata are more unevenly bedded
and contain streaks of blue clay.In general the strata are
very nearly horizontal, but at the western exposure they dip
5° toward the east.742
Figure 116.Photograph of Emil Petzold's quarry (Locality 87),
Milwaukee County along Mud (Lincoln) creek looking
west.Photo by W. C. Alden, No. 111, 1899.743
Alden also located these exposures on his Areal Geology Map.In
1918 Alden (p. 93-95) published the same description.
Raasch (1927, unpublished field notes) described the quarry as
follows:
In the banks of Mud Creek, within the limits of North
Milwaukee, beds similar to the upper strata at Waubaka
may be seen. At no time of the writer's visits was there
ever more than 4 feet of rock visible, but some 12 feet were
formerly exposed when the quarries were open.
Shrock (1930, unpublished field notes) visited the quarry, noting
the following:
The Waubakee limestone formation is exposed along the
river for over 1/2 mile in section I.In the south end of
North Milwaukee the rock has been taken out of a quarry
alongside the stream.The quarry is now filled with water.
About 5 feet are exposed along the edges of the quarry.
Several feet are also exposed in the banks of the stream to
the east.
The Waubakee is a very thinly laminated gray to bluish
gray dolomite which breaks along the laminations more
easily than across them, hence a larger block is rather hard
to acquire. Some of the layers are banded and some have
small cavities.In many respects it is much like the Kokomo.
The above was a description of the exposures in SW 1/4, NE 1/4,
Section 1.In the NE 1/4, SW 1/4, Section 1 Shrock found:
The Waubakee formation, similar to that at the abandoned
quarry 1/2 mile northeast is exposed along the east bank
of the stream just north of the C. E. Wussow Construction
Co.'s building.Dredging has thrown out great quantities
of the thinly-laminated, gray dolomite which is piledon
either side of the stream.The rock is chiefly in the bed
of the stream where it is concealed.
Klug (1977) summarized previous work on the Waubakee beds744
and reported that samples from the Mud Creek exposures were
processed for condonts, but were barren.
A sewer tunnel in 1976 reached rock like that exposed along
Lincoln Creek, just south of the center of Section 35, T. 8 N., R.
21 E., at the intersection of N. 51st Street and M. Vil lard Avenue,
in Milwaukee.The rock was dumped at Silver Spring dumpsite in
Butler, Waukesha County.C. Klug (personal communication, 1979)
related that the bedrock surface was approximately 40 feet below
ground level (at elevation of 630 feet) and that about 20 feet of rock
was excavated. Near the bottom of the exposurethe platy beds alter-
nated with more porous beds about four inches thick.
Silver Spring Sewer Tunnel
Locality 88
North line, NW 1/4, NE 1/4, Section 36, T. 8 N., R. 21 E.,
Granville Township, City of Milwaukee, Milwaukee County.
MPM x36.24
elevation: 640 feet (top of bedrock)
In 1952-1954 shallow sewer tunnels were excavated along
W. Silver Spring Drive between N. Teutonia Avenue and N. 34th
Street (see Figure 117).J. Emielity (1952, unpublished field notes)
noted that the tunnel was excavated 25 to 30 feet below the surface
and approximately 10 feet of Silurian rocks was cut at the southwest745
Figure 117.Airphoto (A) and locality map (B) for localities 88-90,
92, Milwaukee County.Airphoto from National
Archives and Records Service, General Services
Administration, No. WX- 1B- 112; date: 10-25-41.A
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corner of W. Silver Spring Drive and N.Teutonia Avenue, about
20 feet beneath the surface; at N. 35th Street to N.34th Street
about 15 to 20 feet of rock was cut.Emielity (1968, personal com-
munication) reported that the strata dipped in one direction in one
shaft and in another direction in the other shaft.Material collected
by Emielity is in the Milwaukee Public Museum collections.
The rock is highly fossiliferous, fine-grained, massive, light
olive gray, crystalline, dense dolomite, breaking with anirregular
fracture and smooth texture.It has low porosity, but it is vuggy.
Litho logically, it is very similar to, and faunally somewhat similar,
to the reefoidal Racine Dolomite at the Schoonmaker reef.
Two different faunas are present.One is dominated by large
pentamerid brachiopods, many of which are articulated (identified as
Pentamerus sp. by Boucot and Johnson, 1979, p. 99), Dawsonoceras
cephalopods and Favosites.The other fauna is comprised of abundant
and well-preserved Halysites, with Favosites, Syringopora,
Heliolites, and Dawsonoceras. There is little or no pelmatozoan
debris in either fauna.
Chamberlin (1877, p. 391) reported:
At Schwartzburg, a mile north of the outcrops on Mud
Creek, rock was reached in the excavation of a cellar,
which presents all the lithological characteristics of the
Niagara Limestone, and contains Pentamerus ventricosus,
a Niagara species.748
This locality of Chamberlin's appears to have been in thesame
general vicinity of these sewer tunnels.
Locality 89
SE corner, SE 1/4, Section 26, T. 8 N., R. 21 E.,Granville Town-
ship, City of Milwaukee, Milwaukee County.
MPM x36.25
elevation: approximately 650 feet
On the north side of W. Silver Spring Drive, east of the railroad
tracks, Emielity (1952, unpublished information) reporteda sewer
tunnel (see Figure 117) approximately 20 feet deep in bedrock.In
1964 another tunnel in the samearea, at a depth of about 30 feet, was
also excavated in bedrock (Emielity, 1964, unpublishedinformation).
The rock is typical Racine Dolomite, reefal inappearance, similar
to that at the Schoonmaker reef.
Locality 89
E 1/2, SE 1/4, Section 26, T. 8 N., R. 21 E., GranvilleTownship,
City of Milwaukee, Milwaukee County.
In 1966 a sewer tunnel was excavated along thewest side of
N. Sherman Boulevard (see Figure 117) from approximatelyN.
Hopkins. Street south to approximately the intersectionof the railroad749
tracks with W. Silver Spring Drive.The rock is typical reefal Racine
Dolomite, as is exposed in the outcrops immediately to the south and
in the Schoonmaker reef.At a shaft near the railroad tracks along
Silver Spring Drive, rock with a Hartung-like lithology was excavated
along with more reefal material.The sewer tunnel turned west from
this location along W. Silver Spring Drive to N. 51st Street and then
south to W. Villard Avenue, where typical Waubakee rock was being
excavated (see Petzold Quarry locality description). Rock from these
tunnels was dumped at the dumpsite south of Silver Spring Drive and
the west side of the Menomonee River in Butler, Waukesha County.
McGovern Park Outcrop
Locality 90
NW 1/4, NE '1/4, NE 1/4, Section 35, T. 8 N., R. 21 E., Granville
Township, City of Milwaukee, Milwaukee County.
MPM x36.23
elevation: 670 feet
An outcrop (see Figure 117) is present just east of McGovern
Park on the west and east sides of the railroad tracks, just south of
W. Silver Spring Drive. Apparently the rock forms a low hill ap-
proximately 10 feet high just south of W. Silver Spring Drive on which
the railroad tracks have been laid.The eastern exposures were more
extensive until a ramp for the N. Sherman Boulevard overpass was750
constructed in the 1960's at which time most of the exposed rock was
removed. The rock appears to be massive, reefoidal Racine Dolomite
like that exposed in the Schoonmaker reef.
Reynolds' Quarry
Locality 91
SE 1/4, Section 6,T. 6 N., R. 22 E., Lake Township, City of
Milwaukee, Milwaukee County.
There are several reports of an old quarry operated by John
Reynolds in the south part of Milwaukee during the 1860's and 1870's.
I. A. Lapham (1865?, unpublished notes) gave a faunal list for a
Reynolds' quarry in the 11th Ward (8th Avenue) on the south side of
Milwaukee (8th Avenue in this area is not S. 13th Street).The fos-
sils from this locality include:
Syringopora
Halysites calenolaria
Heliolites macrostylus
3 other corals
Pentamerus
This quarry is listed twice in Catalogue B (List of the Localities and
Formations from which the Specimes Distributed during the Present
Year were collected; Chamberlin, 1880): No. 219 Niagara Formation,
John Reynolds quarry; No. 312a Niagara Formation, South Milwaukee,
J. Reynolds Quarry, Racine beds, T. C. C. collection.No descrip-
tions of the quarry have been recorded and it has not been mentioned751
since Chamberlin (1880).
An examination of old plat books and citydirectories has not
revealed what land was owned by John Reynoldsin this area. A
J. Reynolds is believed to have operateda lime kiln on the Walsh
property at the Trimborn quarries in the mid-1800's,and he may
have been the operator of the Milwaukeequarry as well.
The available information indicates thatthe quarry was situated
in fossiliferous Racine Dolomite.The dominance of tabulate corals,
including Syringopora, at this locality issuggestive of a reef occur-
rence, such as Moody reef to the north, and not like thereefs to the
south of Racine of southern MilwaukeeCounty.It is unfortunate that
this quarry cannot be locatedor that better descriptions cannot be
found since it was the onlyexposure in this area.
Zautcke Quarry
Locality 92
SW 1/4, NW 1/4, SE 1/4, Section 26,T. 8 N., R. 21 E., Granville
Township, City of Milwaukee, MilwaukeeCounty.
MPM x36. 17
elevation: 660-670 feet
A small filled quarry (see Figure117) is located approximately
1100 feet almost straight north of theintersection of N. 51st Street
and W. Silver Spring Drive,on the west side of the railroad tracks.752
Alden was the first to describe this quarry. He (1898, unpub-
lished field notes) reported that Fredrick A. Zautcke had just opened
a stone quarry; the rock being a massive, very hard, dolomitic lime-
stone with no stratification and containing much clay.The rock sur-
face was rounded and smooth, particularly on the north and east
sides, due to glacial activity, while on the west and southwest sides
it was somewhat rough.
In 1904 Alden (unpublished field notes) mentioned that the quarry
on Zautcke's estate had not been operated for three years and the
whole exposure was "one of the limestone mounds" (reef).On the
south side of the quarry was a:
...6- 7 ft. section of massive, irregular-textured, open
porous, hard gray dolomite, many small holes.Fossils
seem to be plentiful.Four foot hole in bottom exposes
rock with rather more bedding.It is mottled bluish gray,
lighter brownish gray, appears very hard, rather rough
textured and porous.Fractures rather uneven.
Alden reported specimens of Illaenus (Bumastus) and was told that
there were six inch and nine inch beds at bottom.
Alden (1906, p. 2), as part of his discussion on the Racine
Dolomite, described this quarry based on his earlier observations
adding that there were numerous specimens of Illaenus.The ap-
proximate location of this quarry is indicated on his Areal Geology
Map.
Raasch (1927, unpublished field notes) visited the quarry, then753
on the House of Correction grounds, noting that the quarry was full
of water and located on a "much glaciated knob of Silurian dolomite."
He considered the rock here to be the same type as that at the
Schoonmaker reef.
In 1930 Shrock (unpublished field notes) visited the quarry and
made the following observations:
There is a small water-filled quarry... in the reef facies
of the Racine Dolomite.The rock is a gray to blue, tough,
cavernous dolomite without bedding and in the form of a
mound... The rock surface is rolling and has been striated
and polished by the movement of glaciers over it.
Drift was five to twelve feet deep over the bedrock surface, and
Shrock believed that the quarry was located in a small bedrock mound.
Shrock (1939) briefly mentioned this small, water-filled quarry:
The rock is massive, uneven-textured, cavernous dolomite,
of which only a few feet can now be seen around the edge
of the quarry.The surface of the exposure is uneven and
has been grooved and polished by the Pleistocene glaciers.
From these descriptions it appears that this exposure was a
small mound of reefal Racine Dolomite, lithologically and paleon-
tologically similar to that exposed at Schoonmaker reef.
This quarry was completely filled by the 1950's and no signs of
its existence can now be detected.754
Granville Exposures
Locality 93
N 1/2, NW 1/4, NE 1/4, Section 29,and SW 1/4, SE 1/4, Section 20,
T. 8 N., R. 21 E., Granville Township,City of Milwaukee,
Milwaukee County.
MPM
elevation: approximately 710 feet
A number of small outcrops anda small quarry are located
along the west side of the LittleMenomonee River in the Little
Menomonee River Parkway, in the vicinityof its intersection with
W. Mill Road.
Chamberlin (1877, p. 365) presented thefirst description of
this locality in his discussion of theRacine Dolomite:
About four miles to the southeast(middle N line, Section
29, Granville, Milwaukee County),we find a mound of
confused, unstratified rock, havinga north and south axis.
The rock is dirty buff in color,and soft, granular, and
almost pulverulent in texture.Eight-five paces to the
southeast of this, isa similar, but much smaller, mound,
on the north side of which a quarry has beenopened in
even bedded, rather soft and porous dolomite,the layers
of which dip into, or under, themound at an average angle
of about 4°.Pentamerus (Gypidula) multicostataabounds
in these layers, and, in the largermounds, is associated
with other Niagara fossils.
Chamberlin (p. 377-380) also mentionedthese outcrops in his discus-
sion of the Guelph beds of theNiagara limestone. He stated thatthe
mound at Granvillewas very similar to the reef structure ofthe755
Racine Dolomite. He also presenteda faunal list for exposures in
Section 29.
Chamberlin (1880, p. 35) listed a De Worth'squarry being
present in the NE 1/4, Section 29, at Granville.
Alden (1906, p. 2) briefly mentioned the Granvilleoutcrops:
...about 3 miles farther north isa small mound of open,
porous, much-weathered limestone, containing gastro-
pods, brachiopods, and corals.
He also indicated the approximate location- ofthis locality on his
Areal Geology Map.
Shrock (1930, unpublished field notes) described theoutcrops
of Racine Dolomite at the followingexposures:
1. A small mound of porous buff to bluish buffdolomite,
probably reef facies.
2. A mound, 5-7 ft. high which contains beddedstone,
exposed along the creek, above which ismassive, gray,
somewhat nodular fossiliferous dolomite whichwhen
weathered powders easily.
3.The road cut through 3 exposes about 5 feet ofthe
porous reefy dolomite facies.On the south side bedded
stone of slightly denser character in layersabout 2-4 in.
thick underlies the reef.Similar bedded stone is exposed
under the bridgeSoft, buff, porous, cindery-feeling
dolomite in the bedded facies.The reef facies weathers
to a yellow sand and is quite fossiliferous.
A small mound, showingno stratification, approximately ten
feet high, is present on the south side ofW. Mill Road.It is fossili-
ferous in its upper six to seven feet, withfossils including poorly
preserved Favosites, brachiopods, smallorthoconic cephalopods,756
gastropods, and rare crinoid stems.This upper rock is buff,
granular dolomite with abundant small cavities.The lower three
feet is compact, unfossiliferous, granular, white dolomitewhich is
very poorly bedded,having irregular bedding planes, some of which
are very stylolitic.Cavities and vugs are nearly absent in these
lower layers.
Adjacent to the Little Menomonee River and just south of
W. Mill Road is an old, poorly exposed stone pit,approximately six
to eight feet deep.The rock here is thin, irregular-bedded, fine-
grained dolomite, similar to the lower layers in the mound.This
same kind of rock is also found in theriver bed adjacent to the stone
pit.
North of W. Mill Road there is a small, probably rock-con-
trolled hill.Bedrock is very close to the surface and was exposed
in sewer tunnels between W. Mill Road and W. BealeStreet in 1971-
1972.In the early 1960's construct -ion of the State Highway 145
freeway bridge also exposed rock in the river bed; this rock was
dumped at the car dealership to the north.757
Brown Deer Exposures
Locality 94
N 1/2, NE 1/4, Section 10, and S 1/2, SE1/4, Section 3, T. 8 N.,
R. 21 E., Granville Township, City of Brown Deer, Milwaukee
County.
MPM x36. 19
elevation: approximately 6 6 0- 680 feet
Excavations in the vicinity of W. Brown Deer Road from N. 60th
Street to N. 68th Street have reached bedrock close to the surface in
the past.
Raasch (1928, unpublished field notes) mentioned that two feet
of fossiliferous Racine Dolomite were excavated in a cellar between
State Highway 100 and a small creek to the south in the NW1/4,
NE 1/4, Section 10.
In 1961 bedrock was excavated in -a sewer tunnel at a depth of
about 30 feet, approximately at N. 68th Street, and W. Brown Deer
Road (State Highway 100) (Emielity, 1961, unpublished notes).The
rock from this excavation is massive, dense, fine-grained, light
gray, vuggy, fossiliferous dolomite.Tabulate corals are common,
including Favosites and number small "Amplexus, " a few cephalopods
(Trochoceras), and brachiopods are also present.Pelmatozoan debris
is rare or absentIn general, the rock is reefal Racine Dolomite758
like that found at the Schoonmaker reef.Similar rock appeared to
be quite close to the surface along the creek,west of N. 60th Street,
and some was excavated when the creekwas straightened in the early
1960' s.
In 1973 a sewer tunnel was excavated along the north sideof
W. Brown Deer Road, east of N. Park Plaza Court(= N. 66th Street),
S 1/2, SW 1/4, SE 1/4, Section 3.Bedrock was uncovered close to
the surface along the east side of N. Park PlazaCourt, near the
intersection with W. Brown Deer Road, and fora few hundred feet
east along the north side of Brown Deer Road. The rockis a blue-
gray to light brown, massive, vuggy, dense, crystalline, fossilifer-
ous dolomite; typical reefal Racine Dolomite like that foundin the
1961 sewer tunnel. Most of the fossilsare corals, including small
irregular hemisphaerical favositids (two inch diameter)and
"Amplexus" (one-fourth inch diameter). A fewstromatoporoids
and rugose corals, brachiopods, gastropods,and the cephalopod
"Trochoceras" are also found.Overall the corals are small and
characterized by upward, as opposed to horizontal,growth. Pelmato-
zoan debris is rare or absent.759
OZAUKEE COUNTY
The bedrock is close to the surface in many parts of Ozaukee
County.Quaternary sediments are seldom more than 150 feet and
usually less than 100 feet thick.The bedrock is very close to the
surface in the southwestern part of the county in a continuationof the
northeast- southwest trend of shallow bedrock which extendsnorth
from Waukesha County; this trend continues on northward toPort
Washington. There are a number of exposures along riversand
streams (Milwaukee River, Cedar Creek, Sauk Creek)in this county
in contrast to Waukesha County.The Silurian is unconformably over-
lain by Devonian rock along the Lake Michigan shorefrom Port
Washington north to Lake Church and probably south to Milwaukee
County, although it is not known if the Devonian iscontinuous through-
out this area.Devonian outcrops are also found along Sauk Creek
(north of Port Washington), near Grafton, and north of Thiensville.
The thickness of the Silurian is not well known, but in the
southern one-third of the county it ranges from 370 feet, at the
western edge of the county, to 540-600 feet around Cedarburgand
Grafton.Just north of the study area, near Oostburg, Sheboygan
County, the Silurian is 720 feet thick, exhibiting the thickening
trend to the north-northeast.
The Silurian rocks in Ozaukee County are all considered to be76 0
in the Racine Dolomite, with the exception of theWaubakee Beds.
Unfortunately, there are no deep quarriesor cores in this county
so the nature of most of the Silurian section is known only from
water-well logs, which are not reliable for mostcorrelation.Al-
though there are numerous outcrops and abandonedquarries in the
county (see Figure 118), only onequarry is actively worked at this
time near Cedarburg and sincemany of the exposures are located
near cities therelittle likelihood of new operations being started
in view of current regulations governing the industry.
Localities 95 and 96
NE 1/4, SE 1/4, SE 1/4, Section 19, T. 9 N., R. 21E., Mequon
Township, Ozaukee County.
MPM x3 7. 2 0
elevation: 780 feet
Just west of County Highway F (Granville Road),about .2 mile
north of State Highway 167 (Mequon Road)a small abandoned quarry
(locality 95) is located in a low, bedrock-controlledhill.The locality
is indicated as a small gravel piton current topographic quadrangles.
Raasch (1928, unpublished field notes) describedthis quarry
as a Racine Dolomite reef.He found the exposure very similar to
those immediately to the south (MPM x3 7.19,locality 96).The761
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quarry was abandoned and the rock face was badly weathered. Ap-
proximately 10 to 15 feet of reef rock was exposed which contained
common favositids and conspicuous lenses of pelmatozoan debris.
Raasch stated that "the quarry had completely hollowed out an
isolated dome."
The quarry is still accessible, but is heavily overgrown in
most places.This reef and the exposures at MPM x37. 9 are similar,
both lithologically and paleontologically, to the reefs in Germantown
and Menomonee Falls, to the west, and the reefs around Racine, to
the south.
Locality 97
E 1/2, NE 1/4, NE 1/4, Section 30, T. 9 N., R. 21 E., Mequon
Township, Ozaukee County.
MPM x37. 19
elevation:
A small abandoned quarry and outcrops are located in the hill
on the west side of Little Menomonee River, just southeast of the
intersection of Mequon Road (State Highway 167) and Granville Road
(County Highway F).
Raasch (1928, unpublished field notes) described these reefal
exposures of the Racine Dolomite, where he found about 15 feet of76 3
semi-stratified reef rock exposed in the then working quarry beside
the creek. An additional five feet of rock was present in the hill
above the quarry and scattered ledges of a more compact, yellowish
rock were exposed in the hillside about another 15 feet above that.In
the reef rock, Raasch found lenses of common pelmatozoan debris,
colonies of Favosites and stromatoporoids.Brachiopods and crinoid
calices were also common.
Alden (1918) indicated the approximate location of this locality
of his Geologic Map of Southeastern Wisconsin.
The same exposures are still present at this locality, but the
quarry is overgrown and the rocks are very weathered.
Locality 98
Center of S line, SE 1/4, SW 1/4, Section 30, T. 9 N., R. 21 E.,
Mequon Township, Ozaukee County.
MPM x37. 23
elevation:770 feet
There is a small abandoned quarry (locality 98) located on the
north side of Donges Bay Road, just east of a private dirt road running
north to a farm, and about 1800 feet east of Wasaukee Road and the
west boundary of Ozaukee County.The quarry is indicated as a small
depression in a woods on the 1958 Menomonee Falls 7.5 minute quad-
rangle.764
Raasch (1928, unpublished fieldnotes) referred to thisquarry
as the O'Connell quarry (Sullivan's) and describedthe Racine Dolo-
mite exposed there as follows:
The quarry on the north side of theroad is remarkable in
that the beds show a pronounceddip in the south wall about
20° south and in the north wall about45° south.This is
probably initial dip abouta core of reef rock such as rises
immediately to the north toa height of about 29 feet above
the top of the quarry.The rock is structureless.The rock
removed from thisquarry was used in the building of part of
St. Catherine's church at MPMx37. 22, east of Granville.
Small rock exposurescan be seen along the private roadas-
cending the hill to the north, whichseems to be in part reef-con-
trolled. Rock in theexposures is similar to that in thequarry.The
quarry is now overgrown and partly filled withrubbish.In the early
1970's rock from excavations alongthe north-south road in thenew
subdivision to the westwas dumped in the quarry.This rock was
fossiliferous and reefal inappearance; the external mold ofa com-
plete Calymene was observed.
Alden (1918) indicated theapproximate location of thisquarry
on his Geologic Map of Southeastern Wisconsin.765
Electric Company Quarry (Thiensville)
Locality 99
NE 1/4, SW 1/4, Section 10, T. 9 N., R. 21 E., Mequon Township,
Ozaukee County.
MPM x40. 3
elevation:700 feet
An abandoned and water-filled quarry is located about two miles
north of Thiensville, on the north side of Pigeon Creek and 700 feet
west of the bend around the bluff in State Highway 57.The quarry
formerly exhibited 15 feet 10 inches of Devonian rock overlying 35
feet of Silurian rock; only about five feet of Devonian beds are still
exposed above the water level.
Devonian outcrops are also exposed in the road cut at the bend
in State Highway 57 (locality 100) (the type section of the Thiensville
Formation), along Pigeon Creek (locality 101) southeast of the qtiarry;
along the railroad track southeast of the intersection between State
Highway 57 and County Highway G (locality 102), .6 mile northeast
of this quarry; and there was once possibly Devonian exposed in a
small filled quarry (locality 102) between Highway 57 and the railroad
tracks, a short distance southeast of this quarry.
Raasch (1928, unpublished field notes) described a section in
the quarry and referred the Silurian beds there to the Racine766
Dolomite. He found the Devonian to be 15 feet 10 inches thick and the
Silurian-Devonian contact to be somewhat unconformable.The high-
est Devonian rocks were exposed along the middle of the north wall.
Raasch measured the following section at-this quarry owned by
Milwaukee Electric Railway and Light Company:
Bed 1. Silurian-Racine.Dolomite, massive reef rock
much of which shows evidences of solvent activity.
Rock usually compact, vitreous, light gray, becom-
ing more yellowish toward top, where the beds are
penetrated by vast numbers of subangular, parallel,
vertical openings, about 1/4 inch in diameter and of
unknown significance.Fossils abundant where not
destroyed by solution.Fauna similar to that at
Grafton, with Monomerellas in great variety and
abundance, a small Pentamerois, Atrypa reticularis,
Modiolopus, Mytilarca oncoceras, Orthoceras (very
small) and numerous gastropods.. ..35 feet
Bed 2.Lake Church (Oza.ukee)-Devonian.Basal reworked
zone of varied lithology, never alike at any two
points. Where section is taken, about 1 foot of
calcareous(?) shale bluish gray in color overlies
the massive light colored Racine and is succeeded
by a lensing mass of beds, including zones of
massive dolomite, calcareous(?) shale, and
dolomite conglomerate 3 feet 1 inch
Bed 3.Devonian. One or two layers of very compact and
fine-grained, brittle, dark gray dolomite, very
homogeneous with undulating darker and lighter
laminae.Local 1 foot 3 inches
Bed 4.Devonian.Dolomite, mottled light and dark gray
and varying in texture, the dark areas being themore
compact and resistant.The zone as a whole is
compact and well stratified in layers about a foot
thick.In the upper part, the bedding planes are
covered with bluish shaly material and the rock
usually is more argillaceous and less compact than
in the lower part.Much marcasite is present
throughout and gives a bright yellow color to767
weathered beds.Joint planes distant.
Fossils are abundant in the upper 5 feet but
the fauna is limited and the specimens poorlypre-
served.The lower part of the fossil zone is a
crinoidal limestone, with bands of a large Productella
and Stropheodonta demissa type.The highest beds
contain principally corals including branching and
dumose Favosites, Aceivularia and cup corals. A
species of high spired gastropod is occasionally
found in the fossil zone.Upper beds weathered into
knobby surfaces due to the irregular induration. A
large low spired gastropod also fairly common
11 feet 6 inches
Shrock (1931, unpublished field notes) measured the following
section in this quarry (Bed 1 is at the bottom of the quarry):
Bed 1.Buff, generally porous dolomite, with obscure
bedding.Upper 10-15 feet more fossiliferous,
becoming bluer and better bedded upward.Shaley
layer marks uneven contact with bed 2.Upper part
has D. conradi, Trimerella, Halysites,a small
small corallited Favosites, a few cup corals, penta-
merids (rare), gastropods (Diaphostoma and
Hormostoma types) and some pelecypods.The
brachiopods are very numerous.
The lower part is more like a reef sand, composed
in places of nothing but a calcareous sand.In these
places large cavernous holes appear.Elsewhere
s lightly dense r 45 feet
Bed. 2.Bluish gray, dense, fairly well-bedded dolomite,
which weathers lighter and breaks conchoidally.
Contains considerable pyrite 10 feet
Bed 3.Impure, rotten, unevenly-bedded dolomite in thin
beds.Looks like concrete-matrix chocolate-colored
pebbles like material.Nodular.Shaley in thin,
uneven, irregular layers 7 feet
Much of Bed 1 is very much like the fossiliferous beds
of the quarries west of Manitowoc, bothas to lithology and
fauna, and are very likely to be correlated with them.768
A specimen in the Milwaukee Public Museum collections
(MPM No. 21638) collected from the Silurian at this quarry in 1934
is from a typical cavity- or depression-filling of disarticulated
trilobites, which are found in many southeastern Wisconsin Silurian
reefs.The trilobites are all specimens of Bumastus ioxus, a species
found in quarries to the north and west and also in Racine and the
southern half of Milwaukee County.This occurrence indicates that
at least some of the Racine beds at this locality are reefal, as sug-
gested by Raasch.
The 1937 Tri-State Field Conference visited this quarry (Stop
No. 9, Thiensville Quarry; Thwaites et al., 1937).They draw atten-
tion to the Silurian-Devonian contact exposed here, and assign the low-
er coarse, granular beds to the Racine Dolomite as well as referring
the upper formation, overlying the irregular contact, to that Lake
Church Formation.
Shrock (1939) observed that some of the upper beds in this
quarry resemble some of the beds at the Groth quarry in Cedarburg.
This quarry was abandoned sometime after 1939 and is cur-
rently filled with water.In 1970 a proposal to reopen the quarry for
a fixed time period after which it would be converted into a park for
the City of Mequon was not approved by that city, and the quarry re-
mains abandoned.769
Exposures in the Vicinity of Cedarburg
The bedrock is close to the surface throughout most of the
Cedarburg-Grafton area and a number of outcrops are present, in-
cluding those along Cedar Creek in Sections 26, 27 and 35.Several
quarries have operated in this area, including Groth's, Anschiitz's,
and Kreiger's, all of which are now abandoned. A small, but deep,
quarry is currently operating just east of the center of Section 22,
which opened after bedrock was uncovered in a gravel pit.A brief
examination oi this quarry showed the rock to be very similar to the
reefoidal exposures at Groth's quarry.See Figure 119 for localities.
Chamberlin (1877, p. 362, 377-378) briefly described exposures
in the Cedarburg-Grafton area as part of both the Racine and Dolomite
and Guelph Beds, assigning most of the exposures around Cedarburg
to the Racine. He described these as follows:
At the village of Cedarburg, most of the rock is a softpor-
ous, granular, minutely crystalline, dolomite, varying in
color from white to light cream.Occasionally, cavities of
the size of a walnut or larger appear, but theyare not fre-
quent.The beds are from 2 feet to 4 1/2 feet thick, but
not well defined nor are vertical fissures regular or promi-
nent.The local dip varies from 1° to 3 1/2 ° in a south-
westerly direction, but is changeable.
Other portions are harder and more compact, some of
which, however, when mined back from the exposedsur-
faces, become softer and more granular, at variance with
usual fact.
Some of the outcrops in the Cedarburg area will be described
in the following discussion in more detail.770
Figure 119.Airphoto (A) and locality map (B) of the Cedarburg-
Grafton area, Ozaukee County. Airphoto from
National Archives and Records Service, General
Services Administration, No. XG-1B-39; date:
9- 7-41.A
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Figure 119772
Locality 103
NE 1/4, SE 1/4, Section 9,T. 9 N., R. 21 E., Mequon Township,
Ozaukee County.
MPM x41. 4
elevation: approximately 750 feet
There are bedrock exposures along the creek west of County
Highway N. Raasch (1928, unpublished field notes) reported a low
exposure of Racine Dolomite along the creek, displaying eight feet
of typical massive, vitreous, light yellow dolomite with fossils includ-
ing a Syringopora-like coral, the same as that found at locality MPM
x40. 3.
Locality 104
SE 1/4, Section 27, T. 10 N., R. 21 E., Cedarburg Township,
Ozaukee County
Alden (1899), unpublished field notes) described exposures
in this area as follows:
The old meander of the Cedar Creek below the dam follows
a 30-35 ft. bluff of stony till.Limestone is seen in the
section in the east side just south of the hill and lies near
the surface on the flat, which shows very much limestone
in the soil.773
Locality 105
SW 1/4, SW 1/4, Section 34, T. 10 N., R. 21 E., Cedarburg Town-
ship, Ozaukee County.
MPM x41. 5
elevation: 790 feet
Raasch (1928, unpublished field notes) reported Silurian out-
crops at this locality, east of County Highway N, about one mile
south-southwest of Cedarburg.
Locality 106
NE 1/4, NE 1/4, SE 1/4, Section 33, T. 10 N., Cedarburg Township,
Ozaukee County.
MPM x41. 6
elevation: 820 feet
Rock outcrops occur along a rock-controlled hill just west of
County Highway N and north of a small creek in Section 33.
Chamberlin (1877, p. 363) described this exposure as follows:
Near the center of the east line of Section 33, Cedarburg,
there is an outlier of rough, coarse brecciated dolomite of
light gray color.It is composed of fragments of compact
rock, the spaces between which are filled with a yellow
pulverulent material. As the rock of the vicinity has been
swept away, leaving it about 30 feet higher than its base,
it is probable that it was surrounded by the softer granular
beds that are prevalent in this neighborhood.774
Alden also visited this area and observed the following expo-
sure (1899, unpublished field notes):
There is here in the land of Jim O'Brien a ledge of lime-
stone outcropping near the east line road and rising 15-20
feet about the marshy strip on the south and east.The rock
is rather massive, scarcely showing bedding.It is a dolo-
mitic limestone of very open porous texture and very much
weathered.In the more solid part it is bluish gray like the
Niagara limestone. Where more loose it is buff and looks
like a calcareous sandstone. Some parts have a pinkish
tint.It all weathers gray on the surface.The rock is full
of minute pores and cavities in the looser parts and is quite
cyrstalline.It is quite fossiliferous showing corals, fucoids,
brachiopods, gastropods, crinoid stems.. It is undoubtedly
Niagara but I can not say if it is Guelph.The surface shows
much weathering and no glaciation.The ledge is thinly
covered with soil and much limestone pieces.
This 10 foot high hill of massive, reefoidal Racine Dolomite is
exposed just west of the road and extends both to the north and west.
The rock is lithologically identical to that exposed around Cedarburg.
Groth Quarry
Locality 107
S 1/2, NW 1/4, and N 1/2, SW 1/4, Section 35, T. 10 N., R. 21 E.,
Cedarburg Township, Ozaukee County.
MPM x40. 5
elevation:750 feet
There is a large abandoned quarry southeast of the intersection
of Hamilton Road and the railroad tracks and north of Lincoln Boule-
vard.775
Chamberlin (1877, p. 379-380) gave faunal lists for unspecified
localities in the NW 1/4 and SW 1/4 of Section 35 in Cedarburg; the
locality in the NW 1/4 is probably the Groth quarry locality and that
in the SW 1/4 is most likely Kreiger's quarry.These conclusions are
based on Alden's observations and on the variety of gastropods and
cephalopods found at these localities.
Buckley (1897, unpublished field notes) visited the John Groth
quarry at Cedarburg. He found that two irregular-shaped quarries
with a depth of 15 to 20 feet were being worked.The western quarry
was the most active.He reported:
The stone is mainly the light porous and fossiliferous rock,
similar to that which is found in parts of the Germantown
quarries--some of the denser blue stone is found but in much
less quantities.The small cavities which make the stone
have a fine spongey appearance are largely the casts of fos-
sils.They sparkle in the light due to many small crystals
found along the walls.
He later (1898, p. 328) published a similar description of the quarry.
Alden (1899, unpublished field notes) also visited this quarry
and made the following observations:
At the exposure east of railway and just south of Groth's
lime kiln the rock is quite solid and more massive in char-
acter, broken by vertical and oblique fractures.The rock
is considerably broken perhaps due to blasting.It is a
gray dolomite weathering grayish and pitted with holes.
Is not the loose open texture seen below the dam on Cedar
Creek however.Is not so highly fossiliferous as the rock
west of Railway. Shows a few gastropods, some large
curved cephalopods and favositid corals.I noted no
brachiopods or trilobites.Is evidently Niagara perhaps776
running westward below the bedsseen west of railway... Old
quarry just north of kiln not working on account ofwater.30+
ft. section. Rock hardgray dolomite above becoming loose,
open textured buff limestone below. Upper part muchbroken
into small pieces, lower part in sort of heavy3-4 ft. courses
but really is little evidence of bedding,but rather is massive
and considerably fractured. Few fossilsseen.Crinoid stems
and coral line growths about all.Evidently Niagara lime-
stone.The rock is in the form ofa hill, but thinly covered
with soil, little or no till.Top part so weathered and frac-
tured as to show no striae.Has rather gentle slope to
northeast, other sides may have beenquarried.But little
building stone has ever been takenout.Not well suited for
that.Is poor rock but gives good lime withscarcely any
waste.In the newer quarry at present beingworked there
is about a 40 ft. section.The rock is massive withno evi-
dence of bedding.It is almost entirely the looseopen textured
buff limestone withmany fragments of crinoid stems and
some corals but not much else in the fossil line.Below the
rock is not much fractured but aboveon the east side it is
all broken up and much weathered.Mr. Grath says there
was a surface sag over the quarry and thewaters probably
percolated down from this.The rock is hand drilled and
blasted.There is but a thin coating of soil andtill over the
rock. Rock too much brokenup to show glaciation. A few
brachiopods were seen andone (?)trilobite.At one point
atethoceras is abundant. One castwas large as my arm.
This is evidently Niagara. Nogastropods were seen.
Grabau (1903, p. 342-343) made thefollowing observations at Groth's
quarry:
In the vicinity of Cedarburg severalquarries show reef
characters.Groth's quarry, near the railroadstation, is
opened in the flanks ofa reef which forms a hill, and is
shown in the eastern wall of the older,abandoned portion
of the quarry.Fossils are numerous in this portion,consist-
ing chiefly of corals, though molluskshells are also common.
The bedding is obsolete here, whilestylolite structure is
commonly seen.In the western part of the oldportion of the
quarry bedding is well shown, the strata dippingwest and
south.Correspondingly, fossilsare scarce.The part of
the reef exposed is about 30or 40 feet in thickness, while777
the length from north to south is perhaps 300 feet.Dolomiti-
zation has gone on to a considerable extent, and in many of
the bedded strata the corals have been dissolved out.As a
result, cavities, either limed with crystals or empty, abound,
these usually marking the former position of a stromatopor-
oid or other coral.In the new portion of the quarry the
rocks are all composed of coral, shell, or crinoid sand, and
are locally known as sandstones.Fossils are rare, those
found being chiefly brachiopods or crinoid fragments, with
an occasional cephalopod shell.The succession of bedded
strata is as follows:
3.Porous vermicular dolomite, brittle and with stratifica-
tion poorly developed, full of cavities of dissolved
corals about ... 20 feet
2.Hard white granular lime rock.about...8 feet
1.Soft friable brown lime sandstone 10 feet
Total about... 38feet
He later (1913) published a similar description.
Shrock visited the Groth quarry in 1931 and again in 1924, mak-
ing detailed field notes of the exposures. He (1939) published a de-
tailed description of this locality, based on his earlier observations,
including a diagram of the reef exposed there.
The Groth quarry was abandoned in the late 1940's or early
1950's and has partially filled with water. In the mid-1960's exten-
sive exposures up to 30 feet high were present along the walls except
in the northwest one-third of the north wall.In the northeast one-
third of the north wall a mound of rock at the top of the quarry marked
the site of the reef core described by Shrock (1939).Approximately
200 feet west of the northeast corner of the quarry a number of large778
trilobite-cephalopod accumulations were found,: in the upper 15 feet
of the wall.The trilobites are represented predominantly by
Bumastus ioxus, with some Kosovopeltis.The reef core area was
fossiliferous, as described by Shrock (1939), with large "Amplexus"-
like colonial corals being particularly noticeable in comparison to
other reefs in southeastern Wisconsin. Pelmatozoans did not appear
to be as common as was reported by Shrock. Along the east wall a
gastropod fauna similar to that found around the Grafton area quarries
was found in the "nodular beds" mentioned by Shrock.In the late
1960's the east wall and the eastern part of the south wall were
blasted down in order to make a gentle slope to the water level.The
reef core exposed along the north wall was later covered with fill.
The exposures along the west wall and the west one-half of the south
remain intact, and an examination of this area suggests that the
mound of rock along the south oneohalf of the west wall may be a
reef, possibly the same one that was also exposed in the northeast
corner of the quarry.
Frest, Mikulic and Paul (1977) briefly mentioned this quarry
and the occurrence of cystoids in it.
Mikulic (1977) mentioned the gastropod beds exposed in this
quarry.
Cedarburg City Well No. 5 (Oz-89, elevation:790 feet) a short
distance to the west of the quarry in SW 1/4, SW 1/4, NE 1/4,779
Section 34, shows the following section:
0-23 feetDrift
23-205 feetYellow gray dolomite
205-230 feetCherty dolomite
230-300 feetTan to yellow gray dolomite
300-465 feetYellow tan to light brown cherty dolomite
465-500 feetMaroon, tan to pink gray dolomite with little
chert
500-580 feetGray cherty dolomite
580-705 feetOrdovician Maquoketa Shale
Krieger Quarry
Locality 108
SW 1/4, Section 35, T. 10 N., R. 21 E., Cedarburg Township,
Ozaukee County.
Alden (1899, unpublished field notes) visited a Mr. Krieger's
quarry and described it as follows:
There is a small exposure west of the railway in the gentle
slope.About 5 ft. are exposed. A little rock has been
quarried.The rock is not so very well bedded and is cut
up by vertical and oblique jointing. Seems to quarry out
quite easily in 4 inch layers.The rock is buff and dis-
colored, seems to become lighter and gray on exposure.
The texture is very peculiar as the rock probably Guelph
limestone... is very largely made up of gastropods massed
together with some Orthoceras, corals and brachiopods.It
is highly fossiliferous, but only molds and fragile casts re-
main and give to the rock a peculiar texture being full of
curved and coild and irregular holes.It is difficult to780
get out good specimens or even good molds though they are
so abundant as the rock breaks anywhere under the hammer,
and we can never be sure where it will break. Some crys-
tals of calcite and concretions were found.The rock itself
is sometimes hard gray dolomite, but generally loose and
friable, weathering readily. A few pieces were seen showing
the purplish or lavender tint seen at Wauwatosa. Many of
the gastropods are large, over two inches long with cavities
as large as my little finger.The rock is thinly covered by
soil, no till right at the exposure and so much weathered as
not to show glacial striae.
There is no longer any rock exposed in this vicinity.
Anschiitz Quarry
Locality' 109
N line, NE 1/4, SE 1/4, Section 26, T. 10 N., R. 21 E., Cedarburg
Township, Ozaukee County.
elevation: 750 feet
This abandoned quarry is located along a northward facing bluff,
south of Cedar Creek and adjacent to the railroad cobssing of the
creek.
Chamberlin (1877, p. 362-363) commented on the nature of the
rock here:
...near the center of Section 26, a very soft crystalline
rock, called sandstone, from its friable and granular
nature, occurs, having a strong dip to the westward.
Following down the stream a short distance, we find a
hard, brecciated and geodiferous rock of bluish cast
without apparent stratification.
This gives place almost immediately to granular rock
similar to the preceding, but the bedding joints become
entirely lost, and, in an exposure of 20 feet, none are781
visible.Vertical seams occur at intervals,which are dis-
posed to change toan angle of 45° with the horizon, and to
pass obliquely across to the neighboringfissure.
This last locality is probablythe Anschiitz quarry.Later Chamberlin
(1877, p. 379-380) gavea faunal list for Guelph exposures in the
E 1/2, Section 26.
Buckley (1897, unpublished fieldnotes) described the Anschiltz
quarry as having a 38 to 40 foot high faceand observed that the rock
was of the "spongey nature" asseen in the Groth quarry. Here-
ported:
The stone is almost whitein color and is free frumdelitiere- ous substances.It shows many fossils--therock being built
mainly out of the remains of marineorganisms. The crys-
talline character noted in theprevious quarry (Groth's) is
the same here.
He further added that theupper beds were hard, being burned for
lime, while the lower 15 feetwere used as building stone.Two to
three feet of overburden had beenstripped from the surface.
Alden (1899, unpublished fieldnotes) also visited thisquarry
and observed the following:
The quarry shows about 40 ft.section.There is but 3 or 4 feet of till over therock surface which latter is much
weathered. At one point striaewere seen W 12 °S at an-
other W 37°N, but the surfacesare so weathered either is
very doubtful.The rock is somewhat buffabove, more
grayish below.The rock is the looseopen textured, crys talline or subcrystallinelimestone. Crumbles under the
hammer. Weathers buff,weathers readily.Is quite
fossiliferous but only castsor impressions are preserved
and these are gotten out withdifficulty as the rock breaks
up so easily.It is evidently Niagaralimestone.Crinoid782
stems are abundant, one cast found of cup.Zaphrentis and
other corals common. Monomerella(?), Arthothelis sub-
planum, Strophodonta et al were found.Orthoeras also
occurs. Some notably longer slender ones were found.I
have one 7-8 in. long but little larger than a lead pencil,
is cast of Orthoceras siphuncle. A few gastropods were
seen.The fossils on the whole are really rather few.
The rock as whole is massive with but a general
sort of bedding on the east side, upper part.The surface
slopes down to the river (15 ° +) probably an erosion slope...
At quarry just west of this nearer the dam is another
quarry evidently much more worked for sometime till quite
recently.The rock is of the same character but a little
more in courses so it can be taken out in courses 2 ft. thick.
The dip is 4-7° N 50°E.But few fossils were seen.
In the north bank of Cedar Creek just about the middle
of the section ledges are exposed dipping under the water at
an angle of 12-15° S 35° to 40°W. There would seem thus to
be a gentle fold with NW-SE strile with axis just east of
this point.
In 1903 Grabau (p. 343) published a description of this quarry,
which he repeated in 1913, as follows:
Anschtitz's quarry, in Cedarburg, is opened in a hill, near
the center of which, south of the quarry, occurs a reef, as
indicated by the nature and dip of the strata.The dip is 10
degrees northeastward.The limestones of this quarry are
all well bedded and uniform, sugary in texture and with few
fossils.Those found are chiefly brachiopods.The rock
here has the structure of a sandstone, by which name it is
familiarly known.Other quarries and natural exposures on
the Milwaukee river near Grafton show similar bedded lime-
stones, but no other exposures of reefs were found.
A short distance to the south of Anschiitz's quarry on the
opposite side of the hill a few low exposures of similar rock are found
at the same elevation.783
Grafton
Locality 110
SW 1/4, SE 1/4, Section 13, T. 10 N., R. 21 E., Cedarburg Town-
ship, Ozaukee County.
MPM x40. 10
elevation: 760 feet
A shallow roadcut exposes rock along County Highway 0 (form-
erly State Highway 57) in Grafton.
Raasch (1928, unpublished field notes) reported that three feet
of Racine Dolomite, similar to that exposed at MPM x40. 3, was
here overlain by one foot of Devonian (Ozaukee Member of the Lake
Church Formation) rock.The roadcut was fresh in 1927 but was
already overgrown by 1928.
Milwaukee River Outcrops-Grafton
Locality 111
E 1/2, Section 24, T. 10 N., R. 21 E., Cedarburg Township,
Ozaukee County
elevation: 700 to 740 feet
There are outcrops along both sides of the Milwaukee River,
south of the north dam to the dam at the northern border of Lime
Kiln Park on the S line, NW 1/4, NE 1/4, Section 25.The outcrops784
along the Milwaukee River in this vicinity have long been known to
geologists as they are some of the largest natural exposures in
southeastern Wisconsin.
Lapham (1846, p. 105) mentioned that the Milwaukee River,
near the mouth of Cedar Creek, "is confined between high perpendicu-
lar banks of limestone rock and has a considerable fall." He termed
this falls "Milwaukee Falls." Lapham went on to describe Cedar
Creek as "a branch of the Milwaukee, entering a little below the
falls, and having a similar fall near the junction with same limestone
ledge "
Lapham (1851, p. 170) reported that a soft yellow limestone
(his Unit VII) that overlies the Waukesha Dolomite is exposed at the
falls of the Milwaukee River.
Percival (1856, p. 70) gave the following description of the area:
At Grafton (Ozaukee county) an extensive range of lime-
stone rock is exposed along the Milwaukee riverhaving the
general character of the present formation, the greater part
containing very few fossils, but a few layers abounding in
them.
He also mentioned that the quarries at Racine had similar fossils and
that the rock in both areas belonged to the upper portion of his Mound
Limestone.
Hale (1860, unpublished field notes) stated that:
Grafton presents an extensive outcrop of Racine
Limestone divided into two beds.The lower portion
rises 20 ft. above the river and is thick bedded and soft.785
Beds 3 to 5 thick, porous; attempts have been made to saw
this stone and bring it into market as building material,
but it lacks strength and hardness and cannot be very dur-
able.
The upper division is thinner bedded and harder with
some fossils.Makes tolerably good lime.
This is the kind seen generally over the country in
the vicinity of Grafton.At Saukville both beds occur.The
lower is exposed and quarried in a field, while near by on a
rise of 15 feet above the same is found the thinbedded stratum
with abundance of fossils such as I collected last year at this
place.
Hall (1862, p. 67) included the Grafton exposures in his discus-
sion of the Racine Dolomite.
Chamberlin (1877, p. 363) described the outcrops along the
Milwaukee River, below Grafton, part of which he assigned to the
Racine beds and part to the Guelph horizon. He reported:
If we pass on eastward about half a mile, we find a
rock, at a somewhat higher elevation, of a more earthy
structure, belonging to the Guelph horizon, but when we
reach the Milwaukee river, below the rapids, we again
find the granular rock, as before, but distinctly bedded
and dipping northward.In a few rods, the layers become
harder and are almost as soon lost in a brecciated, un-
stratified mass, whose superior hardness has given rise
to the rapids.This mass is made up of fragments of rock
cemented by continued debris of a dolomitic character, which
renders the distinction of the fragments from the matrix
often obscure.This breccia graduates almost imperceptibly
into hard, compact layers, as we proceed up the river, and
these in turn soon give place to granular rocks again, the
strata dipping no rthwad for a distance, and then rising...
At the dam near the south line of the SE qr, Section
24, Grafton, the granular dolomite is developed in its most
characteristic form, becoming a well marked calcareous
sandrock.
Most of his observations were made in Section 25.He further corn-
mented on these exposures (p. 378) and presented lists of Guelph786
fossils collected in Sections 24 and25 (p. 3 79-3 80). A list of Racine
fossils collected at Grafton in Section25 was given also (p. 3 72-3 77).
Buckley (1898, p. 329) described thequarry of the Milwaukee
Falls Lime Company, located aboutone mile south of Grafton.The
quarry opened in 1892 and was about 40 feet deep,800 feet long, and
400 feet wide at the time of his visit.
Alden (1899, unpublished fieldnotes) visited this area and ob-
served the following:
From the sharp bend in the MilwaukeeRiver from north-
south to east-west northwardto Grafton the river flows in
a sharp little gorge evidently almost entirely dueto erosion
though the river 'scourse was evidently determined by the
gentle little till valley.The river has now cut down through
the till and into the rock about 20-30 ft.The rock stands in
little cliffs along the water and withthe evergreen covered
lower slopes makes avery pretty little valley.The rock
evidently rises in the slopeson either side but is covered
by buff stony till. withmany surface boulders.
There are two quarries in N 1/2,Section 25, and one
large lime kiln at the northernone.There is a sag across
in E 2/3, in Section 25 from the MilwaukeeRiver valley to
Cedar Creek valley or partlyacross.The streams are
here 1/4 mile apart but there isprobably 20 ft. of limestone
in height between covered till.The Milwaukee River evi-
dently was turned eastward downinto the broader till valley
off the rock and has not cut intothe rock so there isno
tendency to change itscourse.
He also made some observations inSection 24:
There are two dams in E 1/2 inGrafton and rapids where
the water falls over the rock ledgesof the channel on the
west side.
Alden also describeda quarry owned by Henry Loell in the N 1/2of
Section 25:787
At Mr. Loell's quarry the rock is somewhatfirmer
in texture still quite open andporous and of much the
same character.It is buff in color.Has not a very well
defined bedding yet it runs in courses.These dip about
8° in a direction N 35° to 45°E.The rock is considerably
broken up and can hardly be taken out incourses. Seems
to be very few fossils, at least I saw buta single polyp
coral.There is about 20 ft. exposed thinly covered with
soil much broken at top so as to showno striae.Effervesces
very readily.
At the quarry about 100 yds. north of this the rockis
much firmer, harder, densermore dolimitic, more like
the Racine limestone. Used also for lime, is quitefossili-
ferous.Found Pentamerus oblongus. Somewhatmore buff
and loose at top.
At the Milwaukee Falls Lime Company he made thefollowing observa-
tions:
The quarry here shows about 35 ft. section.Toward
the top the rock is more buff withmany holes filled with
blue clay which washes out leavinga cavernous surface.
Below the rock is hard, gray dolomite like the Racinelime-
stone.It is of subcrystalline texture withmany cavities
showing crystals of calcite.I carefully examined the sides
of the quarry and much of the loose stuff in thebottom but
found a single cast of Pentamerus beside traces ofcorals
and crinoid stems.Probably repeated search would show
fossils, but they are surely not abundant.The rock is
much fractured and shows a notvery well defined bedding.
The northeast quarry shows a gentle anticline withstrike
N 50°E as near as I could read it.This gives dips to NW
and SE of 8-18°.It is noted that the axis of this fold is
about at right angles to the direction of the foldnotes to
the southwest on Cedar Creek west of Auschuetz Quarry.
Continuing his examination of theexposures in this area, Alden re-
ported the following from Section 24:
Going north along the west side of the rivera short
distance below the middle dam there isa dip 15-17° N 50°-
50°E. The rock along this bank showsmany crinoid stems.788
Found one Pentamerus also.Is the same gray dolomite.
Going northward from the middle dam the rock
becomes even more hard.It is gray crystalline dolomite
like the Racine limestone.It seems to become rather
more fossiliferous also.Gastropods being not infrequent
though not abundant as south of Cedarburg.Not much else
but corals and crinoid stems have beenseen.
At the old quarry in the west valley slopeat one place
a few yards of the upper rock surface are stripped and show
striae of several sets.
Raasch (1928, unpublished field notes) examinedthe Grafton
quarries in Section 25 for Devonian rocks, but foundnone. He de-
scribed the Silurian rocks exposedas follows:
The newer of the two quarries,now idle, was examined.
The walls rise to as high as 40 feetor more and on the north
side consist of massive dolomite withno continuous bedding
and irregular reef-like masses.The south wall as well
as the older quarry to the south-west is in avery light yellow,
soft, granular rock, well bedded, and havinga clastic appear-
ance.
The massive reef-rock containsan abundant fauna.
He presented the following faunal list for thislocality:
Favosites sp. (common)
Zaphrentis, very elongate
Gastropod, low coiled, revolving striae (common)
Gastropod, smooth, cone shaped
Gastropod, moderately low, strong growthlines
Gastropod, large turreted
Gastropod, marked pleurotomarid band
Orthoce roid, Kionoceras
Orthoceroid, long air chambers
Orthoceroid, wauwatosense type
Orthoceroid, large short air chambers
Trochoceras
Oncoceras (small)
Cyrtoceras (large)
Shrock (1934, unpublished field notes)described the exposures789
at an abandoned quarry on the east side of the Milwaukee River,
about 150 yards south of the dam at the south end of Grafton (see
Figures 120-122): The quarry contained a mound which Shrock ob-
served as follows:
The structureless mound, which is without either definite
bedding or jointing, is composed of massive, hackly,
uneven-textured, gray to light tan dolomite containing
some holes. Few fossils noted though I did see some
echinoderm columnals and some hemispherical tabulate
coral heads.The rock is in some places massive and dense
compact texture; elsewhere it has a brecciated appearance
and seems to be composed of several different kinds of ma-
terial, so that a weathered surface has such an appearance.
There are numerous large holes head size and smaller and
some of these are filled with dolomite laminae some of
which are at high angles.Similar masses of laminae are
found throughout the reef core.The rock weathers to a
gray or dirty-colored, ragged, rough surface, with bulging
rounded surface, in contrast to block appearance of overlying
bedded material.
The bedded rock is in massive layers 3-4 ft. or more
thick, but these tend to break into thinner layers on weather-
ing.This rock is a cream-colored, saccharoidal porous
dolomite similar to that seen an interreef at Cedarburg.
As nearly as I can determine the bedded rock grades
laterally into the reef as well as passing over it.
Shrock (1934, unpublished field notes) also described the expo-
sures at the lower dam on the east side of the river, near the quarry,
one mile south of Grafton (MPM x40. 11):
On the east side of the dam there is an abandoned
pot-holed, run-around in the bottom and walls of which are
exposed dipping layers of coralline sugary dolomite as shown
on the diagram. The rock is quite reefy and cavernous in
appearance and reminds me of the reef cave at Cedarburg.
One large mound very near the east end of the dam
rises more than 10 ft. above the water and seems to be con-
nected with a mass at the west end of the dam, but separate/ GRAF ON/
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Figure 120.Diagram showing location of exposures along the
Milwaukee River, south of Grafton, Ozaukee County.
After Shrock (1934, unpublished field notes).1 1 1
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Figure 121.Diagram of exposures around the south dam along the
Milwaukee River, south of Grafton, Ozaukee County.
After Shrock (1934, unpublished field notes).East West
Looking South
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Figure 122.Diagram detailing the exposures at the south bend
of the Milwaukee River, south of the main quarries
at Grafton, Ozaukee County.After Shrock (1934,
unpublished field notes).793
from the larger mass to the north upward-againstwhich the
dipping layers are leaning.This small mound containssome
brachiopods, and has several large heads ofa tabulate coral
reminding one of Syringopora. They look likeboring on
superficial examination.
At locality MPM x40. 8,a quarry on the west side of the
Milwaukee River, one mile south of Grafton, Shrock(1934, unpub-
lished field notes) measured the followingsection:
Bed 1.Irregularly bedded and unevenly texturedgray finely
saccharoidal fossiliferous dolomite muchlike that at
Manitowoc and to some extent like the Milwaukeeand
Racine exposures.The following fossils, usually
poorly preserved, were found 10-15 feet
Favosites
Halysites (2)
Pycnostylus
Wilsonia sp.
Dinobolus conradi(?)
gastropods 5 sp.
cephalopods
small tubular corals
stromatoporoids
Bed 2.Massively-bedded, even-textured,creamy sac-
c haroidal dolomite 20-25 feet
In the upper unit there are reefy moundswhich differ
little from the enclosing rock except inlacking bedding.They
are really bioherms, and the rock is very fossiliferous.The
fossils are poorly preserved.
In 1939 Shrock publisheda brief description of the area based on these
earlier field notes; he also figuredone of the mounds in the vicinity
(1939, P1. 1, Fig. A).
The quarries on the west side of theriver, now part of Lime
Kiln Park, were briefly discussed byMikulic (1977).
A water well (Oz-79) in SW 1/4, NW 1/4,NE 1/4, Section 13,794
T. 10 N., R. 21 E., Cedarburg Township (elevation approximately
770 feet) located about one mile north of the north dam on the
Milwaukee River displays the following section:
Drift 31 feet
Gray dolomite 369 feet
Gray, cherty dolomite 30 feet
Buff and gray dolomite which becomes argillaceous
and red towards the bottom 170 feet
Ordovician Maquoketa Shale 175 feet
Locality 112
NW corner, SW 1/4, Section 7, T. 10 N., R. 22 E., Grafton Town-
ship, Ozaukee County.
Outcrops in this vicinity are indicated on Alden's (1918)map.
Saukville
Locality 113
NE 1/4, Section 26, T. 11 N., R. 21 E., Saukville Township,
Ozaukee County.
MPM x40. 15
elevation:770 to 800 feet
Small overgrown quarries are located ina woods just west of
the railroad tracks, south of Cold Spring Road, north of Saukville.795
Chamberlin (1877, p. 369) mentioned this- locality:
At Noessen's quarry near Saukville, where there is a
mingling of Racine and Guelph faunas, some portions of
the rock are little more than a mass of coral specimens
imbedded in calcareous sand.
He described the quarry in more detail in his discussion of the Guelph
beds (1877, p. 378):
At Noessen's quarry, north of Saukville... there is a limited
opening upon an ancient reef, exposing a rock of varying
character, a portion of its being very soft and coarsely granu-
lar, while other portions are compact and fine-grained. Some
portions are made up almost wholly of Crinoid stems and
Corals, while others are brecciated.In color the rock is
buff, weathering to a deeper and more reddish hue.Corals
and Crinoids are abundant, and only extensive quarrying is
needed to make this locality valuable to the collector.The
fauna shows a mingling of Guelph and Racine species.The
locality is rather to be regarded as Racine than Guelph.
Chamberlin (1877, p. 379-380) also presented a faunal list for this
locality.
Alden (1899, unpublished field notes) briefly mentioned this
locality:
The limestone rises with slope and outcrops in Section 26
west of railway.Is the same Niagara dolomite as seen
in all the other exposures. Shows crinoid stems and some
gastropods.The two exposures are very slight.
Raasch (1928, unpublished field notes) reported exposures and
old stone pits in the fields approximately one mile north of Saukville.
He described the exposures as follows:
Racine Dolomite exposed in rocky knobs and numerous small
stone pits, so old that elm trees up to 9 inches in diameter
have found rest in the quarry floors.Over 20 ft. of beds796
exposed.Mostly massive reef limestone or granular bedded
rock with initial dip.On the west side of the railroad track,
in the marshy pasture, are outcrops of distinctly crinoidal
rock containing an unusual coral fauna (including Cystipall.urn.)
besides several species of Crinoids (Eucalyptocrinusornatus,
Cyathocrinus, Callicrinus).It seems to grade laterally
into massive reef rock.The more granular rock as well as
the reef rock has gastropods and the small celledFavosites
of Grafton, etc. for its most predominant fossils.
The highest rock exposed is Racine limestone perfor-
ated by the striking vertical parallel openings describedin
connection with locality MPM x40.3 where it is restricted
to the upper 10 ft. of the Silurian.This rock forms the edge
of the flat-topped terrace which lies at about 795 ft.The
native rock plowed up in the fieldsupon this terrace have
been thrown together in a large rock pile which consists
largely of unglaciated boulders to two kinds:a lesser quan-
tity of the peculiar Silurian rock just described anda much
larger quantity of dirty gray rough weathering dolomitelike
the basal Devonian at localities MPM x40. 3, x40. 12,x40. 2,
etc. and full of subangular pebbles.
Shrock (1934, unpublished field notes) visited thislocality and
presented the following description:
...there are several small moundsor ridges of a gray,
open-textured, saccharoidal dolomite of "Racine"type.
In the three easternmost exposures, where thestone
has been burned for lime, the rock is full of crinoidcolum-
nals and an occasional calyx (one specimen is probably
Eucalyptocrinus).The mounds which are mainlymasses
of weathered dolomite bouldersmay be small bioherms of
crinoids, or crinoid gardens.
Columnals are very abundant and throughout the rock
the calcite plates of the column and calyx stillretain their
calcitic cleavage, hence a fractured surface glistensstill.
Further west on a north-south ridge of whichMPM x40. 16
is a northern extension the stone is harder anddenser and is
not so fossiliferous.
The rock is exposed at MPM x40. 16on the north side
of the road, but not to a thickness sufficientto warrant an
examination.797
Shrock (1939) published a brief description of this locality based
on these earlier observations.
Saukville Klint
Locality 114
Section 34, T. 11 N., R. 21 E., Saukville Township, and Section 1,
T. 10 N., R. 21 E., Cedarburg Township, Ozaukee County.
MPM x40. 22
Shrock (1934, unpublished field notes) described a 20 foot high
dolomite mound in a swamp one and one-half miles southwest of
Saukville.His description of the exposure is as follows:
An examination of the stone shows it to be a gray
saccharoidal dolomite which is soft, and which breaks
irregularly with crumbly fracture. A weathered surface
is mainly a dolomitic sand. A weathered surface has a
rough pinnacled appearance due to considerable weathering
along joints.The beds appear massive, but may be heavily
bedded.Not over 5 to 6 ft. were seen anywhere around the
mound which is largely covered by weathered boulders of the
formation.
The highest beds exposed just east of the barn on the
north side of the east-west road appear a little more dense
and of closer and of closer and finer texture.
Fossils found included Favosites, Halysites and a
Hormotoma-like gastropod,The former seem to be most
abundant, though sparsely scattered through the rock.
The rock reminds me of certain phases of the Huntington
dolomite and also certain phases of the interreef rock as
developed at Cedarburg.In the present exposure, however,
there are no large holes as at Cedarburg.
Shrock also mentioned that most of this area was underlain by "the
same gray, sugary, saccharoidal, crumbly dolomite" but due to the798
thickness of the glacial drift there were only scattered exposures
where erosion had stripped off the till.
Shrock (1939) briefly described this klint from his earlier
observations.
Locality 115
SE 1/4, SE 1/4, Section 10, T. 11 N., R. 21 E., Saukville Township,
Ozaukee County.
MPM x40. 19
Silurian outcrops occur along the west side of the Milwaukee
River and east of County Highway 0 in Section 10, four miles north-
northwest of Saukville.
Raasch (1929, unpublished field notes) described these exposures
as follows:
Low knolls of.massive dolomite, the base about 5 ft. above
the stream and several hundred feet from the water's edge.
Fauna recalls that of locality MPM x40. 15 which likewise
is in crinoidal Racine rock.The outcrop has a relief of
from 5 to 10 feet, the rock lies probably about 25 ft. below
the top of the Racine.
Fauna includes: Favosites (large corallites, radiatrum,
C) Zaphrentis?, Caryocrinus ornatus, Eucalyptocrinus
nodulosus, Feriestella Atrypa reticularisSpirifer radiatus,
plicate Spirffer, Rhynchotreta, Strophonella? (very flat),
Parastrophia, Orthis cf. flabellites, "Pleurotomaria
occidens"?, Cephalopod fragment, Illaenurus cf. armatus
(large size), Arctinurus, etc.799
Locality 116
Riveredge Nature Center Outcrops
SE 1/4, Section 6, and center N 1/2, Section 7, T. 11 N., R. 21 E.,
Saukville Township, Ozaukee County.
elevation:
Silurian bedrock is exposed at the Audobon Society's Rive redge
Nature Center on the south bank of the Milwaukee River.
Rachel Paull (1970, p. 42-44) described these outcrops on the
Riveredge property:
The Riveredge property is located in an area of shallow
bedrock, with the bedrock lying within twenty feet of the
surface...
The Racine Formation outcropping at the northern edge
of the Riveredge property exhibits medium-thick, irregular
bedding with the small, twelve to fifteen foot thick exposure.
The dolomite is gray to buff, dense to sugary, with some
relatively porous beds.The fauna appears to be limited to
cephalopods, solitary corals, and crinoid stems, and most
likely represents an interbiohermalfacies as described by
Shrock (1939).
Stylolitic surfaces are abundant in the Riveredge out-
crop.They are irregular interlocking columns that project
in opposite directions and meet along an uneven surface,
producing a cross-section similar to a steeply angular
graph... An insoluble, argillaceous material coast the
stylolitic surfaces...
In addition to the Racine Dolomite exposed along the
Milwaukee River, test borings for a water well, immediately
north and west of the naturalist's office at the "castle" re-
vealed the presence of dolomite bedrock at depths of ten to
nineteen feet...A very small exposure of dolomite is pres-
ent twenty-five feet north of the "castle, " but it is question-
able as to whether this is in situ or is an ice transported
block.800
Rachel Paull (1969, personal communication) further reported
that the cephalopods at this locality were found in a localizedaccumu-
lation; this may represent a debris-filled depression in a reef.
Sauk Creek
Locality 117
NE 1/4, NE 1/4, Section 29, T. 11 N., R. 22 E., Port Washington
Township, Ozaukee County.
MPM x40. 12
elevation: 620 to 650 feet
Outcrops occur along Sauk Creek for about one-fourth mile
south from the N line of Section 29, just east of County Highways KK
and RR (locality 117).
Alden (1899, unpublished field notes) made the following obser-
vations about these outcrops:
In NE 1/4 Section 29 along the creek there is a very inter-
esting rock exposure. Along the west bank from the way
on road crossing of the railway for 75 to 100 yds. limestone
is exposed in 8-10 ft. section.This hard gray dolomite evi-
dently Niagara.It is rather thin-bedded, 2-4 inch, not very
even or continuous strata.The rock is rather open, porous,
and full of small holes.It is quite fossiliferous showing
internal and external casts.The fossils seen are favosite
corals and principally gastropods... This may be Guelph
beds(?) The beds dip 7°N 50°E, at another place 5°N 55°E.
The ledges reach about 6 75- 6 8 0 ft. A. T. or nearly 100 ft.
above lake so there must be a very rapid drop toward the
north of the valley.The gastropods seem to be confined
principally to one horizon.This rock surface also lowers
probably from erosion down the stream at the south end of801
the exposure so the creek has a fall of 8-10 ft. over the rock
bed in about 100 yds. While the exposure on the west stands
8± ft. above the water on the west. On the east the beds dip
down and 2-3 feet of More bluish rock overlies the hard gray
dolomite.This is evidently a different bed.The change in
color and texture is quite noticeable.This higher rock re-
sembles the Hamilton in texture and color and from its
lithological character and stratigraphic position together
with the relations of the two limestone formations as shown
in wells at Port Washington I think we are safe in inferring
that there is here a contact between Niagara and Devonian
limestone formations.Yet, with careful search, I could
find no fossils in the blue limestone. A few hundred yards
down the creek a loose piece of rock having about the same
texture and appearance gave abundant Hamilton fossils...
This may not however be from this formation.This bluish
limestone has rather indefinite bedding and apparently con-
forms to the rather irregular surface of the Niagara below
so the surface passes below the creek bed in 50 yds. down
the stream.Its surface shows glaciation with striae W 5 °N.
to due West.
Ulrich (1914, unpublished field notes) presented an illustration
of this locality.
Raasch visited this locality in 1928 and made the following
observations (unpublished field notes):
Rock is exposed in the bed of the stream for a distance
of about 1/4 mile.The lower 10 ft. or so of the section are
in the uppermost beds of the Racine in rock very similar to
MPM x40. 3, Thiensville, with which it agrees in the abun-
dance of Monomerella and gastropods, in the evidence of
solution and deposition in fossil cavities, and in the presence
of parallel vertical openings of unknown origin.On the
upper surface the dolomite bears peculiar curved worm bur-
rows of two sizes, the former thicker than a finger, the
latter about 3/16 of an inch thick, often with several inside
one of the first type.
The yellowish, vitreous, fossiliferous rock of the
Silurian is overlain by dirty, dull gray barren Devonian
dolomite, distinctly conglomeratic at base, and more or
less so throughout.The pebbles are angular and of the802
Silurian rock.Patches of conglomerate adhere to the top
surface of the Silurian which is slightly irregular, but not
markedly so.The Devonian rock is massive and heavily
bedded much like the associated Silurian.
Structure is very marked at this point owing to a
maximum dip of at least 20° in a southeasterly direction.
This makes the fall of the strata greatly exceed the fall of the
creek (which flows at right angles to the strike) so that the
Devonian only may be seen on the downstream end, while the
Silurian alone is exposed on the upper end.In all there is
a relief of 20-30 degree in the bedrock at this point, but
the stratigraphic vection is much less (15 ft. ).
Shrock (1934) described this locality as follows:
...there is exposed some 5 ft. of "reefy" Racine with what
appears to be bedding dipping 8°-10° southeast.These beds
are exposed in the river bed and bank from the section line
south for some distance.The cause of the local dip is not
apparent.
No fossils were seen...
Locality 118
SE 1/4, SE 1/4, Section 20, T. 11 N., R. 22 E., Port Washington
Township, Ozaukee County.
MPM x40. 13
elevation: 670 to 680 feet
Several small abandoned quarries are situated in the westward-
facint hill east of Sauk Creek, just west of Grant Street in Port
Washington. One of these quarries is indicated as a gravel piton
current topographic quadrangles.
Raasch (1928, unpublished field notes) found a twelve footexpo-
sure of Racine Dolomite which was mostly covered; he collected the803
brachiopod Rhynchotreta(? ).
Shrock (1934, unpublished field notes) visited this localityand
described it as follows:
..."Racine" rock is exposed on a hillside in tow shallow
pits, in the walls of which are exposed 4-5 ft. of gray,
semi-saccharoidal dolomite, similar to that seen in other
localities north and west.This rock was once burned for
lime...
Locality 119
SE 1/4, NE 1/4, Section 20, T. 11 N., R. 22 E., PortWashington
Township, Ozaukee County.
MPM x 40. 18
Bedrock outcrops along the east bank of Sauk Creek, southwest
of Knellsville.
Raasch (1929, unp fblished field notes) reported approximately
three feet of Racine Dolomite exposed for several hundred feet along
the creek bank, west of the railroad tracks. A small overgrown,
long abandoned quarry was also present.804
Druecker Quarry
Locality 120
SE 1/4, NW 1/4, Section 9, T. 11N., R. 22 E., Port Washington
Township, Ozaukee County.
MPM x40. 2
elevation: 740 feet (on east), 725 feet(on west)
A filled quarry is located justeast of the railroad tracks and
Sauk Creek and west of CountyHighway KW.
Lapham (1872, unpublished fieldnotes) briefly described the
exposures at John Druecker's quarry. Approximately15 feet of rock
was exposed, of which the upper few feet Laphamthought belonged
to the Devonian.
Alden (1899, unpublished fieldnotes) reported that thisquarry
was about 60 feet deep and that it hadnot operated much in recent
years. He added that a wellon the hill (elevation 770 feet?) struck
rock at 90 feet and one in the NE 1/4,Section 4 reached rock at
100 feet.He described the quarryas follows:
The rock showsvery few fossil traces.I was able to find but 2 or 3 specimens of coralsin a 2 hour careful search.
The main part of thequarry is said to be about 40 feet deep.
Though in one part it has beenrun down to about 6 0 ft.On
the east or uphill side about35 ft. is exposed in nearly
horizontal beds.There is about 5 ft. of stonytill lying upon the glaciated surface.Below this on east side is 5to 8 ft.
much broken, rather thinbedded rock.This passes down-
ward into regularcourses running 1 to 5 ft. in thickness.
These heavy bedsare massive not laminated.The rock is805
a rotten loose open granular dolomite, breakingeasily under
the hammer with quite regular fracture.It is not nearly so
hard as the hard blue dolomite of theRacine limestone beds.
This is said to run softer below. Westof the tracks some
has been quarried but it is softer herebreaking down into
crystalline sand on exposure and meltingdown in the sun.
The rock is of a light buff color.On long exposure this be-
comes gray and in general hardens withexposure to the air,
so that parts of the quarry which have been exposedfor 6
or 8 years are gray and hard on the surface.
Some building stone has been takenout but only for
local demand, e.g. the Druecker'sstone house on the hill
to east of quarry and St. Mary's churchin Port Washington.
In the northwestern part of thequarry the good lime-
stone into an irregular poor lot .o£ stuff.Under 6 or 7 ft.
of rock is a streak nearly 10 ft. of blueclay and shaly clayey
rock.The solid rock is bluish andvery hard and brittle,
breaking irregularly.There are hard streaks in it like
cherty layers.The bedding is hereuneven and irregular.
These hard bluish layersare seen running back into the
good limestone beds in the northsection.It is said 20 ft.
south of this irregular sectionwas well bedded limestone
like the rest of the quarry.This is evidently a local impure
deposit. No fossilswere seen here either.
Cleland (1911, Plate B) illustratedthe east wall of the quarry
which showed the Silurian-Devoniancontact. He reported that six
feet of Devonian rock unconformablyoverlaid two feet of thin-bedded
Waubakee Formation, which inturn unconformably overlaid light-
colored Racine Dolomite.
In 1928 Raasch (unpublished fieldnotes) visited Druecker's
quarry and described the exposureas follows:
Druecker's quarry three miles northof Port Washington
shows some 12 feet of rather hard,light brown, fossiliferous
dolomite in persistentcourses of moderate thickness.The
fauna compares favorably onlywith that of similar beds at
Lake Church. An interestingstructure in the Racine beds806
accompanied by a Devonian unconformity might prove of inter-
est as outlined in the following notes.
The Lake Church formation has an outcrop ranging
through 12 feet of beds on the east wall of the quarry, where
it overlies 44 feet of Racine dolomite plus about 15 feet
under water at time of visit; with a basal unconformity of
at least 4 feet.The Devonian rock is abundantly fossilifer-
ous except a foot or two from the base in which the rock is
gray, coarse and dirty, in contrast to the clean light brown
above.Pebbles of the underlying Racine dolomite are
abundantly incorporated in the base of the Devonian forma-
tion and in some places are found even in the fossiliferous
rock.The lowest Devonian bed has its surface covered with
very fine examples of mud cracks. A band containing
Gypidula and Atrypa occurs about 4 feet above the base.
The rock as a whole is compact and moderately thickbedded.
Stylolites are frequent.The fauna is identical with that of
the lower beds at Lake Church.
The Silurian in the east wall of the quarry is prac-
tically horizontal dipping slightly southward. At the north-
east corner a very pronounced monoclinal fold on tilt north
wall drops the strata about ten feet and then is lost under
slumped soil in the northeast corner of the east wall.This
slump may conceal a fault zone.The Silurian rock from
top to base throughout the quarry is highly dolomitized and
all fossils are destroyed.The rock consists of horizontal
bands about 1/4 inch thick of alternating compact and porous
rock as at Lake Church.The bedding is very heavy and
well defined.
In the west face of the quarry, a deep and steep-sided
depression in the Silurian, extending downward to within
13 feet of water level, is filled with dirty and unfossilifer-
ous Devonian sediments.The Silurian rock along the con-
tacts is deeply weathered and stained. Very long stylolites
mark the surface in some places.
The Devonian section in the center of the depression,
which is about 100 yards wide in a north-south direction
is as follows:
Bed 1, Post Racine filling of depression.Probably
subaerial.Dirty structureless rock, mottled light and
dark gray, in some places indurated and in others almost
a clay or marl. 6 ft. 6 in.
Bed 2, Base of marine Devonian filling.Blue gray
shales.Crumbling.6 in.807
Bed 3, Devonian.Indurated, bluish gray, dirty dolo-
mite, weathering to a buff.Lensing. Pebbels near the side
walls.7 ft.
Bed 4, Devonian. Well indurated and compact, dis-
tinctly bedded dolomite of light gray color,on weathered
surfaces light brown. Broken by weather into angular
blocks.Dirty and unfossiliferous.1 ft. 6 in.
Base of exposure 13 feet above water.Top of expo-
sure 28 feet 6 inches above water level.Base of Lake
Church rock on east side of quarry about 740 feetto
40 to 44 feet above water.
This strange occurrence is interpreted atpresent
as a post-Niagaran pre-Devonian slump, probably alongan
open fault which may extend through the north end of the
quarry.It is more likely that Bed 1 is pre-Devonian fill
in this depression, while Beds 2-4are of Devonian age.
The former is unstratified anda good line can be established
at the base of the shale (Bed 2).While the rock of Beds 2-4
is of a Devonian aspect, it was deposited under suchunusual
and turbulent conditions that no fossilsare incorporated and
closer correlation is impossible.
Shrock (1934, unpublished field notes) made thefollowing de-
scription of the quarry (see also Figure 123):
The structure in the quarry is monoclinal, withthe
lower beds rising rather sharply in the northwestcorner
of the quarry.
The slabby, nodular bedson top appear to bevel the
underlying heavy beds, and it is thought theymay be
Devonian...
This quarry has not been operated formany years
according to a native of the village.Lime was once
burned, but only tumble down ruinsnow remain, and
irregularly.
Shrock also observed about four feet of thin-bedded,sugary dolomite,
similar to the lower beds in thequarry, a short distance to the south
of the quarry in a small pit in the field.
Shrock measured the following sectionat Druecker's quarry:808
Figure 123.Silurian-Devonian section and relationships of strata
at Druecker's quarry (locality 120), Ozaukee County.
Beds 1-3 are Silurian, Bed 4 is Devonian. After
Shrock (1934, unpublished field notes).101+
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Bed 1.Fine and even-textured, argillaceous dolomite
containing many fossils.The bedding is quite irregu-
lar and the weathered surface is nodular and rough.
Probably Devonian. Appears to bevel underlying
beds 10 feet
Bed 2.Gray, very saccharoidal dolomite which weathers
to a sandy dolomitic sand.The unit is well-bedded
in units of considerable thickness (1-3 ft.).These
beds are somewhat thinner at the top and a little
more dense in texture 20 feet
Bed 3.Same lithology as above but with many walnut-
sized holes in lower 1.Rests on underlying
irregularly bedded dolomite 6 feet
Bed 4.Very irregularly-bedded, unevenly textured
saccharoidal dolomite, becoming on some parts
a dolomitic shale or mud.(only on west side visible).
Has dipped under east 10.5 feet
No fossils were noted in the section except in the
upper 10 ft. unit.The lower 36 feet probably belong to the
so-called Racine.They have the same lithology observed
to the south at localities MPM x40. 17, x40. 16, x40. 15, and
x40. 22.
The quarry has been completely filled with ash from the
Wisconsin Electric Power Company plane in Port Washington by
the 1950's.
Between the quarry and the railroad tracks area few low expo-
sures of Silurian rock like that described from Druecker's quarry
by previous workers.811
Locality 121
SE 1/4, SE 1/4, Section 9,T. 11 N., R. 22 E., Port Washington
Township, Ozaukee County.
Outcrops along Sauk Creek are indicated on Alden's (1918) map
in this area.
Waubeka Quarry
Locality 122
NE 1/4, SE 1/4, Section 29, T. 12 N., R. 21 E., Fredonia Township,
Ozaukee County.
MPM x41.2
elevation:792 feet
Exposures of Silurian rock are found in an old quarry on the
north side of the Milwaukee River, on River Drive, three-fourths
mile west of Waubeka; this is the type section of the Waubakee Dolo -.
mite.
Chamberlin (1877, p. 392-393), in his discussion of the Lower
Helderberg Limestone, was the first to describe exposures in this
vicinity, as follows:
About one mile above the village of Waubakee (sic), in
the town of Fredonia, Ozaukee county, in the bed of the
Milwaukee river, and the vicinity, is a formation that de-
serves ourconside ration in this connection. On the north
side of the river is a quarry in which the following section812
is exposed:
1.Light gray, thin bedded, shaly dolomitere-
sembling that above describedas occurring at
Mud creek, but less porous.The surfaces of some
of the layers are covered with large numbersof
Leperditiaundistinguishable from Leperditia
alta 2 feet
2.A layer of hard dolomite, containingcavities,
some 5 or 6 inches in diameter, whichare
usually filled with large crystals ofcalcite.
Leperditia occurs occasionally in this
layer 10 inches
3.Alternating thin and thicker beds similarto
No. 1 in lithological character, butsome layers
are marked with a dark, rusty coating
2 ft. 2 in.
4.Similar to No. 2 1 ft. 2 1/2 in.
5.Moderately thick beds somewhat shaly,
intermediate in character between thethinner
and thicker beds above 1 ft.
Total 7 ft. 2 1/2 in.
The remains of Leperditia, foundat this locality,
are very abundant, literally covering the surface ofsome
layers, and, to a greateror less extent, disseminated
through the mass of some of the beds,but unfortunately
the state of preservation ispoor. A careful examination
and comparison ofa large number of specimens leavesno
doubt that the fossil is Leperditiaalta, or a very closely
related species.
Chamberlin also mentionedexposures in the river bedAn the vicinity:
In the bed of the rivera little above this locality, very
thin beds of a softer, dark dolomite,colored by carbonaceous
matter, are found. Some of the layersare marked by numer-
ous black or dark brown carbonaceouslaminate, which give
to the rock an appearance quitepeculiar.This carbonace-
ous matter is evidently derived from theremains of plants,
many indications of which are present,among them forms
resembling Sphenothallus.In addition to these, two species
of Orthis are found,one resembling Orthis oblata, and the
other closely similar to Orthissubcarinata, but smaller.
Pterinea aviculoidea, ora very closely allied, if not abso-
lutely identical, species,an imperfect Orthoceras, anda
doubtful Inocaulis,are also present.813
Alden (1906, p. 2) named the Waubakee Formation (following
Chamberlin's misspelling) presumably for theexposure in this
quarry, but did not present any new information about these rocks.
Alden (1918) mentioned this quarry, repeating Chamberlin's
description.
Raasch (1928, unpublished field notes) presented the following
section for this quarry:
Bed 1, Covered above river level 3 ft.
Bed 2, Single layer of dolomite similar to Bed 2, at
MPM x41. 7.Large slabs.Expised in road ditch
5 in.
Bed 3, Covered by talus 8 ft.
Bed 4, White banded dolomite in layers about 3 inches thick
with several partings in each layer which allow the rock
to split into thin slabs.The intervening rock is very
compact.Leperditia covers some partings and is present
throughout 4 ft.
Residual blocks of similar characteroccur 3 to 4 feet
above the top of Bed 4.Rock similar to Bed 2 is barely
exposed in a small pit on the south bank of the rivera short
distance upstream at about the same levelas at MPM x41.2.
The water of the river was very high at date visited.The
generalized section at Waubeka is as follows:
Bed 1, Brown, bituminous dolomite, with Athyris.
Base not shown 2 ft.
Bed 2, White dolomite, moderately thick bedded,
slabby 4 ft. 6 in.
Bed 3, Banded whitish dolomite, thinbedded,
lensing
2
ft.
Covered interval
Bed 4, Thinbedded whitish dolomite with Leperditia.
Top not shown 7 ft.
Total thickness of exposed Beds 1-4 equals 22 feet six inches.
The upper beds of the Racine outcrop in the rivertwo
miles below the Waubeka exposures, and it alsoappears814
likely that the Niagaran is near the surface a short dis-
tance up the river from the outcrops at Waubeka.
Klug (1977) republished Chamberlin's (1877) section as part
of a discussion of the Upper Silurian of Wisconsin.
The quarry is now largely covered; only a bed or two is ex-
posed.
Phyllocarid Quarry
Locality 123
Along W line, SW 1/4, NW 1/4, SE 1/4, Section 29, T. 12 N., R.
21 E., Fredonia Township, Ozaukee Cointy.
MPM x41. 7
elevation:795 feet (top of quarry)
On the south side of the Milwaukee River, about 300 feet east of
the northward turning bend, a small abandoned quarry is located ap-
proximately one mile west of Waubeka.
Chamberlin (1877, p. 393) briefly observed what was probably
this quarry:
...a quarry has been opened which exhibits a more com-
pact, close textured rock, and one intermediate in litho-
logical character between these and the Niagara limestone.
No fossils were found in it, and its relationship is uncer-
tain.Its most striking peculiarity is the strong undulation
of its strata, which allies it rather with the Niagara than
with the formation under consideration (Lower Helderllerg
Limestone), whose beds have never been observed other-
wise than as horizontal and perfectly plane.815
Whitfield (1896) described a number of fossil phyllocarid
specimens that were found by Edgar Teller and Charles Monroe in
"the present bed of the quarry in a layer used for building stone and
flagging."
Alden (1899, unpublished field notes) reported that:
Mr. Petsch's (Julius Klessig) quarry 1 1/2 miles west of
Waubakee (sic) shows thin-bedded dolomite limestone
with somewhat anticlinal dips. On the north side the dip
is 15°N 28°-30°E. On the east side 14'N 70°E.At the
top the beds are thin coming out in flags from 4 inches to
a fraction of an inch in thickness.The rock is not much
broken.At the top it is grayish to light buff in color in
places where weathered rather soft but generally hard and
brittle.It much resembles the Lower Helderberg Lime-
stone at Mud Creek south of North Milwaukee in being so
thin-bedded.About 7 ft. section is exposed. From a lower
hole has been thrown out a hard brittle thin laminated more
bluish rock.It is though cement rock.Can be taken from
below as a whole, it seems not very fossiliferous but
crustacean specimens and small brachiopods were found
by me in what seems to have come from this lower part.
I saw nothing in the top beds.The rock is thought to be
Lower Helderberg.The quarry is not much worked only
some rubble taken out.
Alden's phyllocarid specimens are currently in the National Museum
of Natural History collections, deposited with his Devonian fossils.
Alden (1918), presented a more detailed description of this
quarry:
A little farther west, on the south side of the stream,
a small quarry about 7 feet deep has been opened in the flat
on land which when visited by the writer belonged to Julis
Klessig.The rock as exposed is a very brittle, hard buff
to grayish, thinly laminated, impure dolomite, quarrying
out in layers varying in thickness from a fraction of an inch
to 4 inches. On the north side of the excavation the beds816
dip 15°N. 30°E., and on the east side they dip 14°N 70°E.
Material thrown out from the lower part of the hole, now
filled, is more bluish and somewhat fossiliferous.E. E.
Teller and C. E. Monroe, of Milwaukee, collected from
this material thrown out specimens of three species of
fossil shrimps described and named by R. P. Whitfield
(Entomocaris telleri, Ceratiocaris monroei, and C. poduri-
formis).The writer also collected from this material frag-
ments of Ceratiocaris monroei, numerous caudal spines
and mandibles of the same genus but specifically undeter-
minable, and much flattened specimens of a brachiopod
comparable if not identical with Rhynchonella? hydraulica
Whitfield.
In 1928 Raasch visited this locality and made the following
description, including a section:
In the northwestern part of Ozaukee County near the
Village of Fredonia (the type locality of the Waubakee (sic)
Formation) are two exposures of Magnesium limestone on
opposite sides of the stream and about one half mile apart.
The lowest beds are exposed in the west quarry on the right
bank where the following section was obtained.
Bed 1, Not seen in place.Exposed only below water
at depth of approximately 3 feet.Brown bituminous dolo-
mite some layers rendered shaly by carbonaceous partings,
other layers several inches thick, compact, fine-grained
and very resistant, exactly like certain beds beneath Zone A
at Port Washington Road bridge.The only identifiable fos-
sils are a species of Athyris.
Bed 2, Resembles Bed 3 from which it differs as
follows: thicker and more evenly bedded, not conspicuously
laminated, contains occasional openings about the size of
an acorn 2 ft.8 in.
Bed 3, White to light gray laminated dolomite not
regularly bedded, but with more massive lenses, thinning
laterally.Very thin bedded at base and less so at top.
Fine-grained.Breaks in some zones into thin fissile
slabs 7 ft.
Structure very undulating, but without any definite
trend.Bottom of quarry about 3 feet above river level
(latter about 792 feet).The section on the left bank runs
somewhat higher and is recorded under MPM x 41.2817
Klug (1977) also mentioned this quarry in his review of the
Upper Silurian of Wisconsin.
Fredonia Township
Locality 124
E 1/2, and NW 1/4, Section 34, T. 12 N., R. 21 E., Fredonia
Township, Ozaukee County.
MPM x40. 17
elevation: 775 to 785 feet
Numerous Silurian bedrock outcrops occur along the Milwaukee
River in Section 34 of Fredonia Township.
Chamberlin (1877, p. 393-394) mentioned a Smith's quarry two
miles southeast of the Waubeka quarries in the center of E 1/3, Sec-
tion 30, Fredonia. He described the rock here as "very soft, porous,
granular, friable, cream colored dolomite, belonging, undoubtedly,
to the Niagara formation." However, Section 30 of Fredonia Town-
ship is one-half mile west of the Waubeka quarries, not two miles
southeast as reported by Chamberlin; he probably mistakenly located
this quarry in Section 30 when it should really have been Section 34,
at the same elevation as the Waubeka quarries.
Alden (1899, unpublished field notes) described theexposures
at the quarry of John Schmidt along the river bank:
The ledges of limestone were exposed 10-15 ft. above the
river.At the north end the thicker beds are exposeda818
loose textured, soft buff dolomitic limestone.This hardens
somewhat on exposure.Going south thinner upper beds are
exposed at a higher level.These lie almost horizontally in
2 to 4 inch layers, thickening somewhat below.These are
rather soft above but harden below.Still farther south near
the half section line thicker beds are again seen of the same.
Where weathered toward the top it is loose and soft but is
harder below.The rock seems to show few fossils, at least,
I saw no traces of any.They may occur in the harder part
below. Very little stone has been taken out.No lime has
been made. Mr. Schmidt says the same rock is seen just
across the river.
Raasch visited the exposures at this locality in 1928 and de-
scribed the outcrops of Racine Dolomite as follows (unpublished field
notes):
Granular dolomite of the Grafton type is shallow exposures
on both banks and in the bed of the river. A cliff on the
east bank reaches a height of ten feet or so and puts the
highest rock at an elevation of about 785 ft.Gastropods
were the most common fossils observed; all forms are
rather infrequent.Outcropping about water level in the
lower part of the section, a bed of dolomite showing a
very peculiar type of weathering the surface being reticu-
lated by small pits all about 1/4 inch in. diameter.
Shrock (1934, unpublished field notes) visited one of the expo-
sures along the east bank of the Milwaukee River where it turns south;
he described it as follows:
About 5-6 ft. of heavy-bedded, gray to cream colored,
beautifully saccharcidal dolomite similar to that at
Locality MPM x40. 2, x40. 15, x40. 16, and x40. 22,
and probably belongs to the "Racine" formation.819
Lake Church
Locality 125
Center, W 1/2, Section 19, T. 12 N., R. 23 E., Belgium Township,
Ozaukee County.
MPM x 40.
elevation: 600 feet (top of bedrock)
A large, water-filled quarry is located west of the Lake
Michigan shore in Harrington Beach State Park.Silurian and Devon-
ian rocks were formerly exposed at this locality, however, only the
upper 12 feet of the exposure are now visible.
Alden visited the quarry in 1899 (unpublished field notes) and
later (1918, p. 98-99) described the quarry based on these earlier
observations; he also illustrated the unconformable relations between
the Devonian and Silurian (1918, Figure 4).
Cleland (1911, p. 8-9) described the rocks at this quarry based
on his 1904-1905 field work and provided illustration of the quarry as
well (1911, Figs. 2, 3; Plate B, fig. 4).
Raasch (1928, unpublished field notes) described the exposures
at the Lake Shore Stone Company and shore exposures, one mile east
of Lake Church:
The quarry is filled with water so that the basal layers
of the Devonian are the lowest rocks visible. Some 40 feet
of Racine dolomite like that at Loc. MPM x40.2 are known
to be present near the surface.820
The section from the base of the Devonian to the top
of Bed 3 is taken on the north side of the quarry at the
point where the small stream cascades over a rock ledge
into the quarry lake. From Bed 3 through to Bed 6 the
section has been taken from the south and west sides of
the quarry.
The excessive local undulation makes a general dip
reading difficult.The structure is highest near the middle
of the north side and lowest near the middle of the west
side of the quarry.
The top surface of the hard dolomite is everywhere
beautifully polished by glacial action, the striae funning a
few points north of east.
The section of the Devonian strata is as follows:
Bed 1, Basal zone of reworking.Light colored,
thinly laminated, dirty dolomite with no constant bedding.
(Waubakee Formation of Cleland). Now inaccessible ex-
cept by boat, but examined by writer in former
years 2 1/2 feet
Bed 2, Massive, brown to gray dolomite in two
thick courses, the lowest barren and laminated.Acces-
sible with difficulty 3 ft.8 in.
Bed 3, Chonetes Zone.Thinbedded dolomite chocolate
brown when fresh, readily weathering to an earthy light
yellow brown.The zone is abundantly fossiliferous with
the fossils distributed in bands or patches. A large variety
of forms has been collected from this horizon but a certain
large Chonetes far outnumbers all other fossils
2 feet
Bed 4, Massive resistant dolomite dark chocolate
color in layers 2-3 ft. thick.The rock is extensively stylo-
lited and cavities filled with rhor0ohedrons of calcite are
common. Fossils of poorly preserved forms; on the bedding
planes which have been polished by glacial ice are to be
seen many cross-sections of a large flat coiled gastropod
approaching 3 inches in diameter.These do not appear in
the freshly fractured rock.Large crinoid joints
5 feet
Bed 5, Thickbedded dolomite similar to Bed 4 but
with numerous corals particularly Acervularia, except in
the uppermost stratum. Some of the Ace rvularia colonies
are 5 inches in diameter, lined with calcite crystals.Be-
sides this, Favosites, Cvathophylloids, Fenestella,
Stropheodonta halli var., Pholidostrophia, Chonetes and821
the gastropod and large crinoid joints of Bed 4occur.Fos-
sils in general, however, are not particularlycommon
9 ft. 6 in.
Bed 6, Light colored brown dolomite with ichre
tints.The glacially polished surfaceappears mottled.
More porous than beds below; cavities lined withcalcite
druses, not microscopic crystals as in Bed 5 and 6.
The few poorly preserved fossilsare forms which are
also found in beds below (Strophodonta, Pholidostrophia,
etc.).Corals are not conspicuously present
6 feet (top of quarry)
Mikulic (1977) mentioned thepresence of a low dome in the
Devonian exposures along the lake shore justnortheast of the quarry.
It seems possible that this dome is controlled bya buried Silurian
reef.
The quarry area was purchased by the Stateof Wisconsin and
was incorporated into a state park in the early 1970's.822
WASHINGTON COUNTY
Only the eastern townships (Germantown, Jackson, and Trenton)
of Washington County are included in this study since outcrops and
information on the Silurian are lacking for the rest of the area (see
Figure 118).In the southernmost two of the eastern townships
(Germantown and Jackson) the bedrock is close to the surface and
apparently represents a continuation of the northeast-southwest trend
of shallow bedrock in Waukesha County. Many of these exposures
appear to be reef-controlled in contrast to those in Waukesha County.
The Quaternary cover ranges from less than 50 feet in German-
town and Jackson Townships to over 100 feet in Trenton Township
where the exposures are all found along the Milwaukee River.
Silurian bedrock thickness in the county ranges from zero in
the west to over 370 feet to the east along the southern border.Most
of the exposures are in the Racine Dolomite.
Quarries were formerly operated in Germantown Township,
but all are now abandoned, and a quarry has recently been opened in
Jackson County (locality 152).823
Rockfield Quarry and Outcrops
Locality 126
NE 1/4, SE 1/4, Section 9, T. 9 N., R. 20 E., Germantown Town-
ship, Washington County.
MPM x41.1
elevation: 900 feet (top of quarry)
Alarge, abandoned, partially water-filled quarry is located
southwest of the intersection between Division Road (County Highway
G) and Rockfield Road, and west of the railroad tracks (see Figure
124).The west side of the quarry is developed in a partially rock-
controlled hill.There is also an outcrop in the road ditch 300 feet
south of the quarry (elevation 880 feet).
Alden (1904- 1905, unpublished field notes) reported that this
quarry (Mace Lime Company) was then 10 to 15 feet deep and de-
scribed the rock exposed there as follows:
Stone porous gray dolomite in thin somewhat uneven
layers mostly about 4 inches thick, some 6 inches to
1 ft.The thicker layers contain irregular cavities 1 to
4+ inches in long diameters. Rock breaks irregularly.
See no chert or fossils. Few said to occur. Some thin
beds wedge out laterally every few feet.
Rock overlain by 1 to .3 ft. of clay till.
The quarry is now partially water-filled, but approximately 20
feet of Racine Dolomite is exposed along the west, north, and south
walls; however, only a couple of feet can be seen along the east wall
(see Figure 125). A reef is well exposed in the west wall anda824
Figure 124.Airphoto (A) and localitymap (B) of Rockfield quarry
(locality 126), Washington County. Airphotofrom
National Archives and Records Service,General
Services Administration.No. XH-2B-153; date:
8-28-41.A
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Figure 125.Diagrams of the Rockfield quarry (locality 126)
Washington County.(A) is map showing exposures
around the quarry. Reef core in hill along west wall;
inter-reef beds form low area along east wall.(B)
shows details of flank beds in northwest corner of
quarry; flank beds dip to northeast (right) away from
massive core rock (left).These represent current
quarry exposures.7:7:77reef core
RockfieldRd.
.. ,"" ,
,,..........
................
........ .... ..
reef flank beds
inter-reef beds
eastern edge of hill
Xoutcrop
0lime kiln
c
o
A
Figure 125
827828
possible reef outcrop is also locatednear the incline to the lime
kilns north of the quarry.Horizontally-bedded inter-reef rock is
well exposed along part of the northwall, occurring in beds six inches
thick.The rock is dense, poorly fossiliferous,non-porous, light
gray dolomite. Fine pelmatozoan debris ispresent.Towards the
west, the beds appear to dipaway from the northwestern corner of
the quarry, at first gentlybut increasing towards the west(see
Figure 125B and 126B).Before the west wall is reached thebeds
become massive, butare still poorly fossiliferous. Along the
northern one-third of the west wallthe rock is massive,porous,
granular, vuggy, lightgray dolomite; this is typical reefcore rock.
Many two to three inch diametercavities are present andappear to
represent external molds of tabulatecorals and stromatoporoids.
Small rugose coralsare common and pelmatozoan stem fragments
are locally abundant.Only a few large tabulate coralcolonies are
scattered along the entire westwall core area.The center of the
west wall is generally not wellexposed, but the rockappears to be
similar to that exposed to the north.At approximately thecenter of
the wall is a five foot by ten footmass of dense, poorly fossiliferous,
non-porous dolomite surrounded bymore typical fossiliferous dolo-
mite.In the southern one-third of thewall sections of large pelamto-
zoan stems are abundant, along withcommon, small spherical
favositid colonies.There is also a large varietyof cephalopods829
Figure 126.Photographs of reef-inter-reef transition in the Rockfield
quarry (locality 126), Washington County.(A) is transi-
tion in the southwest corner of the quarry, inter-reef
beds at left (south), reef core at right (north); (B) transi-
tion in the northwest corner, inter-reef beds at right
(east), reef core at left (west) (see also Figure 109B).
Photos taken 1975.83 0
A
B
Figure 126831
and brachiopods, including rhynchonellids.To the south, the transi-
tion from reef to inter-reef beds is wellexposed (see Figure 126A).
Nearly horizontal inter-reef beds similarto those along the north
wall rise up towards the north, rapidlythickening and becoming mas-
sive within about 10 feet, at which pointtypical reef core rock is
exposed. The rocks along the east wallare essentially horizontal
inter-reef beds, as in the north wall.This reef is lithologically
and faunally like those exposed aroundGermantown, Menomonee
Falls, and Racine.
Locality 127
NW 1/4, SW 1/4, Section 10, T. 9N., R. 20 E., Germantown
Township, Washington County.
MPM x41.10
elevation:
A small, filledquarry is located southeast of the intersection
of County Highway G and RockfieldRoad. A small bedrockexposure
is present at ground level.
Alden (1904-1905, unpublished fieldnotes) visited this oldquarry
and found a ten foot section ofa porous, fairly well-bedded dolomite
which he compared to rock atGermantown quarries.The rock
weathered buff and dipped gentlyto the south 100 at the south side832
of the quarry.Beds were six to twelve inches thick.
Chamberlin's Germantown Locality
Locality 128
Chamberlin (1877, p. 363-364) described, in detail, a reef
exposure "near the south line of the SW 1/4 of Section 35, German-
town" in a quarry of "considerable lateral extent, " but only eight
feet deep.The exposure consisted of a reef core in the southwest
and horizontal, non-reef beds in the northeast. Alden (1904- 05,
unpublished field notes) indicated the presence of a quarry (Schmidt's)
in this approximate location.Only a few surface exposures are
present at this location today and there is some question as to the
true location of Chamberlin's quarry. He (1880) mentioned only one
fossil collection from Germantown (No. 223, Niagaran Formation,
Germantown, Section 25, SW 1/4, S line, Racine beds, south side of
road).No outcrops have ever been located in this section. Alden
(1918) indicated outcrops in the NW 1/4, and SW 1/4, Section 36
(locality 129), and NE 1/4, Section 33 (locality 130), however.833
Germantown-West Quarry
Locality 131
Section 22, T. 9 N., R. 20 E., Germantown Township, Washington
County.
MPM x3 7. 17
elevation: 6 70 feet (top of bedrock)
A small, partially water-filled quarry is situated south of
State Highway 145 and north of the railroad tracks on the northwest
side of Germantown (see Figure 126).The quarry has been dug into
the west side of a low hill which rises toward State Highway 145
(northeast).To the southeast of the quarry is a small, localized hill
which has been partially quarried away and appears to be a reef.To
the southwest is a flatland with no rock exposures.
Shrock (1930, unpublished field notes) visited this quarry and
described it as follows:
At this locality there is a water-filled quarry with the
southeast face cut into a ridge.There are 37 feet of rock
exposed. Low abandoned lime kilns stand just south of the
quarry.
The lower 5 feet are a light colored to buff, evenly
grained, very porous massive dolomite which shows no
bedding.It contains many small crinoid stems.
The upper 32 feet are composed of a blue to gray,
dense, to cavernous, very unevenly-textured dolomite
which has rough hackly fracture.
The quarry seems to be a deep one from the length
of time required for a boulder to reach the bottom.834
Figure 127.Airphoto (A) and locality map (B) of Germantownarea
quarries and outcrops. Airphoto from National
Archives and Records Service, General Services
Administration, No. WH-28-165; date: 8-28-41.wet
4c\
A
Germantown-
West Quarry
Germantown-Main
Quarries
roadcut
B
Figure 127
835836
No exposures can be seen along most of the west wall of this
quarry at the present time; to the east the rock face increases from
approximately five feet to twenty-five feet near the southeast corner
of the quarry (see Figure 128).There are a number of scattered,
low outcrops north of the quarry along the slope of the hill going up
to State Highway 145.The quarry is old and most of the exposures
are weathered and overgrown; solution pits and cavities are conspicu-
ous on some weathered surfaces.Fossils occur as internal and exter-
nal molds.Stylolitic bedding planes are common, particularly in
well-bedded areas.The depth of the quarry below the water level is
unknown.
The west half of the north wall exposes about five to ten feet
of medium-bedded, horizontal, light gray, dense, non-porous dolo
mite.The rock is poorly fossiliferous with only small pelmatozoan
fragments present. About ten feet of rock is exposed above water
level on the east half of the north wall.The rock appears to be well-
bedded, but has a slight dip to the west.The lower two-thirds of this
wall grades into a thicker-bedded dolomite lithologically similar to
the western exposures.The upper one-third of the wall is more
porous, fossiliferous, and thinner-bedded.Large pelmatozoan stem
sections are present and fossils in general increase in abundance
throughout the entire section toward the east.The north half of the
east wall is poorly exposed, but appears to be lithologically similar8
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to the adjacent beds described from the north wall.Fossils are
more common and the height of the quarry face increases to 20 feet
above the water level.Along the south wall and the south half of the
east wall the outcrop reaches a maximum thickness of about 25 feet
(southeast corner).To the southeast is the small hill previous]. men-
tioned.To the south and west of the quarry the rock surface rapidly
drops down to the flat area.
In general the rock is massive, highly fossiliferous, light gray,
finely granular, and porous dolomite.Fine pelmatozoan debris is
common, with larger fossils found in lenses.Sections of large
pelmatozoan stems are common, as are tabulate corals, rugose
corals, and rhynchonellid brachiopods. Molds of tabulate corals
and stromatoporoids commonly appear as vugs and cavities one -half
inch to four inches in diameter.This reef is lithologically and
paleontologically similar to other Racine Dolomite reefs in Washington
and Racine Counties.839
Germantown-Main Quarries
Locality 132
Section 22, T. 9 N., R. 20 E., Germantown Township, Washington
County.
MPM x37. 18
elevation: 880 feet
The center of Germantown, along State Highway 145, in the
NE 1/4, Section 22, is underlain by a number of bedrock-controlled
hills; outcrops are common. A number of old quarries are located
in the vicinity and the basements of many nearby buildings are ex-
cavated in bedrock. Many of these bedrock hills appear to be reef-
controlled and exposures of typical, reefoidal beds of Racine Dolomite
are common (see Figure 127).
Shrock (1930, unpublished field notes) described the exposures
in this vicinity as follows:
There is a quarry on either side of the road.Both
are filled with water.
In the north quarry there are 14 feet of homogeneous
massive, open textured, yellowish granular dolomite with a
domed surface.The overlying beds are irregularly sepa-
rated, full of holes, nodular-looking, and much harder and
bluer than the underlying beds.
The top beds, 6-10 ft. thick, are inclined to the south
at an angle of 4-6°.
On the south side the beds dip to the west at an angle
of 10± °.There are about 29 feet of the massive homogeneous
rock exposed in the quarry on the south side.
There seems to be a dome to the east of the quarries
upon which the overlying beds are laid, dipping generally to
the west and north.840
There seems to be some local irregularity in the dip
of the overlying beds.
The exposures examined by Shrock are still partly visible,
however, both quarries have been nearly filled.Based on Shrock's
observations and recent examination of this locality, it appears that
the exposures represent the western portions ofa reef which controls
the topography in the area.
The quarry on the south side of State Highway 145 has been
partially filled, and only the upper part of the east wall, adjacent to
the road cut, is still exposed.The rock here consists of a very
thick-bedded to massive, granular, non-porous, unfossiliferous
dolomite, most of which has recently been covered.This is overlain
by several feet of medium-bedded, somewhatvuggy, granular, light
gray dolomite with beds dipping south and east.
Parts of the north and east walls of the northernquarry remain
and are composed of well-bedded dolomiteas described by Shrock.
At the east end of the southern road cuta Bumastus accumula-
tion was found in massive rock, indicating the proximity ofa reef.
In general the rock at this road cut is somewhat thick-bedded, fossili-
ferous, reefal dolomite which dips to the west.
A water-well (Wn-351) in the SE 1/4, SE 1/4, NW 1/4,Section
21 (elevation 875 feet) about one mile west of the quarriesgives the
general characteristics of the subsurface Silurian in thisvicinity:841
Drift 12 feet
Gray dolomite with rare chert
near top and about 70 feet down 148 feet
Gray, cherty dolomite becoming reddish
in the lower 100 feet 215 feet
Ordovician Maquoketa Shale 135 feet
Total thickness of the Silurian here is 363 feet.
Alden (1918) indicated on his Geologic Map of Southeastern
Wisconsin that outcrops were present in the NW 1/4, Section 23,
along the railroad tr.cks (locality 133), and in the SE 1/4 and NW 1/4,
Section 21, NW 1/4, Section 27, and NE 1/4, Section 28, T. 9 N.,
R. 20 E., Germantown Township, Washington County, (all at locality
134).
Miscellaneous Germantown Localities
Alden (1918) indicated the following localities from T. 9 N.,
R. 20 E., Germantown Township, Washington County on his Geologic
Map of Southeastern Wisconsin:
S 1/2 of line between Sections 1 and 2 (locality 135)
SW 1/4, Section 5 (locality 136)
NW 1/4, SW 1/4, Section 10 (locality 13 7)
SE 1/4, SW 1/4, Section 10 (locality 13 7)842
NW 1/4, Section 23 (locality 133)
E 1/2 of line between Sections 21 and 28 (locality 134)
NW 1/4, Section 27 (locality 134)
NE 1/4, Section 28 (locality 134)
NE 1/4, Section 29 (locality 138)
SE 1/4, Section 31 (locality 139)
NW 1/4, Section 32 (locality 140)
Alden (1904- 1905, unpublished field notes) reported a small
quarry on Leasenfeller's land in the SE 1/4, Section 5, T. 9 N.,
R. 20 E. (locality 141), Germantown Township, and also mentioned
that rock was exposed one-fourth mile north of Kraelisch.
Exposures in Jackson Township
Locality 142
NE 1/4, NW 1/4, Section 17, T. 10 N., R. 20 E., Jackson Township,
Washington County.
elevation: approximately 86 0 feet
Alden (1904-1905, unpublished field notes) mentioned finding
large block of limestone at a low knoll as though they were part of a
limestone ledge, however, he did not find any of the rock in situ.843
Locality 143
SE 1/4, Section 4, T. 10 N., R. 20E., Jackson Township, Washing-
ton County.
elevation: approximately 860 feet
Alden (1904-1905, unpublishedfield notes) reported that rock
was exposed in the creek bed at W. J. Groth'sbarnyard, and that in
the SE 1/4, SE 1/4, Section 4,limestone rose to the surface ina low
ridge.
Locality 144
SW 1/4, SW 1/4, Section 3, T.10 N., R. 20 E., Jackson Township,
Washington County.
elevation: 86 0- 880 feet
In his 1904-1905 unpublished fieldnotes Alden indicated that
rock was close to the surfacehere and was only thinly coveredby soil.
Locality 145
NE 1/4, Section 12, T. 10 N.,R. 20 E., Jackson Township,
Washington County.
elevation: 880-900 feet
According to Alden (1904-1905,unpublished field notes) the844
west slope of Lemke's farm was "said to stand in limestone." He
also reported that he was informed that rock was near the surface
in the NE 1/4, Section 2.
Locality 146
S line, Section 29, T. 10 N., R. 20 E., Jackson Township, Washing-
ton County.
elevation: approximately 900 feet
Alden (1904-1905, unpublished field notes) reported that lime-
stone was exposed in the road at this location.
Location 147
E 1/2, SW 1/4, Section 27, T. 10 N., R. 20 E., Jackson Township,
Washington County.
elevation:. 900 feet
A ledge of roughly weathered limestone having a relief of six
feet or more onthe east, north and south sides was reported by Alden
(1904-1905, unpublished field notes).
Locality 148
Section 34, T. 10 N., R. 20 E., Jackson Township, Washington County.
Alden (1904-1905) observed rock exposed in the road here.845
SW 1/4, NW 1/4, Section 35, T. 10 N., R. 20 E., Jackson Township,
Washington County.
elevation: 880-900 feet
Alden (1904-1905, unpublished field notes) reported that lime-
stone was exposed in and near the road at this locality.
Locality 149
SW 1/4, Section 15, T. 10 N., R. 20 E., Jackson Township,
Washington County.
elevation: approximately 860 feet
Alden (1904-1905, unpublished field notes) reported that
limestone was exposed near the barn here.
Locality 150
NE 1/4, Section 21, and NW 1/4, Section 22, T. 10 N., R. 20 E.,
Jackson Township, Washington County.
elevation: approximately 840-860 feet
Alden (1904-1905, unpublished field notes) thought that limestone
was exposed at one point in the road.846
Locality 151
Near center of E line, Section 1,T. 10 N., R. 20 E., Jackson
Township, Washington County.
elevation: approximately 880-900 feet
Alden (1918) indicated an outcrop at this location on his Geologic
Map of Southeastern Wisconsin.
Jackson Quarry
Locality '152
CenterSection 12, T. 10 N., R. 20 E., Jackson Township,
Washington County
elevation: 880 feet
In the last few years a large quarry has been opened in the
southwest corner of an apparently bedrock-controlled hill rising to
the east of Cedar Creek.The quarry exposes approximately
feet of granular, thick-bedded, non-porous, light gray dolomite
having beds that dip from northeast corner of the quarry and level
out to the west. A reef is probably located towards the northeast,
but has not yet been uncovered.The rock appears to be Racine
Dolomite.847
Newburg
Locality 153
NE 1/4, SW 1/4, NE 1/4, Section 12, T. 11 N., R. 20 E., Trenton
Township, Washington County.
MPM x41. 3
elevation:
A small old quarry is situated on the north bank of the Milwaukee
River north of the road, just west of Newburg.
Chamberlin (1877, p. 394) mentioned rock at Newburg and
described it as being "one of the morecommon varieties of the Niagara
limestone. "
Raasch (1922, unpublished field notes) described this locality
as follows:
Exposure just west of Newburg along the river showed
about a seven foot section consisting of reefor mound with
stratified layers overlapping.
The stratified beds consist of light colored, compact
dolomite with many small openings due probably to the
dissolving away of minute fossils.The rock is fairly hard
and resists erosion well.
Interbedded with the above are similar strata, but
more compact harder and light grayish in color.
When the beds first appear they are dipping quite
sharply away from the reef.As they approach the reef,
however, they assume a more nearly horizontal position.
The reef itself consists of hard, nodular limestone of
a light gray color.The rock resembles some of the horizons
of reef rock in the vicinity of Milwaukee.
Both the reef and the adjoining strata yieldnumerous
fossil remains, notably brachiopods.These occur as inter-
nal casts which show many of the internal characters of the848
shells.Unfortunately many of the fossils have been parti-
ally removed by eolution.
The fauna of the stratified beds is unlike any other
so far discovered in this section of the state.It consists
largely of brachiopods and corals, the former being repre-
sented by Whitfieldella, Me ristina, Orthis (flabellites?),
Camarotoechia (res. C. acinus).The only form common
to the Racine or Guelph of this area is the widespread
Leptaena rhomboidalis.
The corals are not distinctive.
Building excavations in a housing subdivision a short distance
northeast of the quarry uncovered similar rock in 1975.
Myra
Locality 154
S 1/2, Section 15, T. 11 N., R. 20 E., Trenton Township,
Washington County.
elevation: approximately 860 feet
A small quarry is thought to have operated south of the
Milwaukee River near the town of Myra.849
Kohler
Locality 155
S.W. 1/4, S.E. 1/4, Section 6, and NW1/4, NE 1/4, Section 7,
T. 12 N., R. 21 E., Ozaukee County.
elevation: approximately 820 feet
MPM x256. 1
Raasch (1929, unpublished field notes) reported a limestone
ridge with a relief of 30 feet two miles north of Kohler.Fossils
were scarce because of the granular and dolomitizedrock, but Raasch
found Favosites, Zaphrentis, and Illaenus cf. armatus near the
middle. of the section. He also noted local doming in lower layers
near the creek.Fossils were also reported from near the top of the
exposure in a reef-like mass. A small amount of quarrying was
carried on, but no more than a few feet of strata are exposed in any
one place.The exposure extended for more than a quarter of a mile
in a southerly direction but soon disappeared under drift to the north
of the road.
Locality 156
Sections 6 and 7, T. 10 N., R. 21 W., Cedarburg Township,
Ozaukee County.
Scattered outcrops of Silurian occur in this area.850
APPENDIX III
PROMINENT FOSSIL COLLECTORSIN SOUTHEASTERN WISCONSIN
Introduction
Since many of the classicsoutheastern Wisconsin Silurianlocali-
ties are now either poorly exposedor inaccessible, the older fossil
collections assembled bya number of nineteenth century "gentlemen
paleontologists" are very important fortaxonomic, biogeographic,
and ecologic studies.Fortunately, a number of thesecollections are
preserved reasonably intact andare accompanied by information in
correspondence and notesas to when and where the fossilswere found.
Most of these individuals hadlittle or no scientific training,but were
well educated and interested inmany aspects of natural history.
Some, such as Day and Greene,were wealthy and were able to devote
a fair amount of both time andmoney to obtaining specimens for their
"cabinets." These individualsexpanded their collections byexchanges
made with other collectorsand professional geologiststhroughout the
country and specimens of themore common taxa from southeastern
Wisconsin can now be found inmuseums throughout the United States
because of this activity.
Fossil collecting in the nineteenthcentury was quite different
than it is today.Most of the quarrieswere small and shallow and
exposures changed little over long periodsof time.This is in contrast351
to today where quarries, suchas that at Thornton (near Chicago,
Illinois) produce a million tons of rocka month and exposures dis-
appear overnight.In the 1800's all of the rockwas picked up and
placed in carts by hand; blocks toobig to be handled were broken
with sledgehammers. Few fossilswould pass unnoticed, especially
since there was a ready market forthem.Quarry workers were
more than happy to save fossils for thegentleman paleontologists
since it could mean a few extradollars a week which, considering
their low wages, wasa sizable sum; they could even double their
wages.This also contrasts withcollecting today since it would be
rather difficult to double thewages of a modern quarry worker.It
is safe to assume that few goodfossils escaped thequarry workers
or the collectors themselves.
The following are briefbiographical sketches of severalof the
notable Silurian fossil collectorsfrom southeastern Wisconsin.
Increase A. Lapham (1811-1875)
The first individual to assemblea large collection of south-
eastern Wisconsin fossilswas probably I. A. Lapham. Hewas
Wisconsin's first scientist andwas interested in virtually all aspects
of natural history, includingarchaeology, botany, zoology,geology,
and meteorology (Winchell,1894).
Lapham first came to Wisconsinin 1836 and began mapping852
the Milwaukee area and studying its geology.By the 1850's he had
gained a fair knowledge of the basic geology of the area (see section
on Silurian stratigraphy of southeastern Wisconsin for some of his
contributions).
Lapham's diverse interests did not allow hima great deal of
time to devote to geology and paleontology, but his small number of
publications in these fields should not be interpretedas meaning his
knowledge in these areas was limited.This is demonstrated by the
fact that he and James Hall at one time workedon a monograph of
North American paleontology, which appears to have been plannedto
cover all invertebrate fossils known from North America at that time.
Lapham's geologic work in the state culminated with his appoint-
ment as Director of the Wisconsin Geological Survey in 1873.
Unfortunately, almost nothing remains of Lapham's collections.
In 1876, his collection, which included "some 10, 000 fossils, miner-
als, shells, meteorites, and Indian relics, " primarily fromWisconsin
was purchased by the state for the University of Wisconsin (Scott,
1975).However, the Science Hall fire in December of 1884 destroyed
this entire collection (Scott, 1975). A few of Lapham'sspecimens
were purchased by T. A. Greene, a Milwaukee collector and Lapham
did supply a few specimens to Hall for his paleontologicwork (some
of these are now type specimens in the AmericanMuseum of Natural
History).Teller (1912) reported that the few specimens Lapham had853
at the time of his deathwere donated to the Milwaukee Public Museum
by his family.
Another early fossil collector,Mr. Sherman of Milwaukee,
was mentioned in T. J. Hale's field notebookas having a large collec-
tion of fine trilobites and otherfossils from the Milwaukeearea; ac-
cording to Hale he purchased fossilsfrom quarry workers.Nothing
else is known about Sherman.
Fisk Holbrook Day (1826-1903)
F. H. Day was born in NewYork in 1826 and moved to
Wauwatosa, Wisconsin, in 1854(Western Historical Co., 1881).
He was a physician in Wauwatosaand held the position ofMilwaukee
County Physician formany years (Lansing Journal, 1903).Day was
also a naturalist, like Lapham,being interested in all phasesof
natural science, including archaeologyand geology, but primarily
paleontology.Unfortunately, none of Day's notesor correspondence
has been preserved with theexception of letters he wroteto individ-
uals at Harvard University (nowin the Archives of the Museumof
Comparative Zoology) and lettersbetween him and T. A.Greene
(now in the Greene files in theArchives at the University ofWisconsin-
Milwaukee Library).
Day began collecting fossilsshortly after his arrival in
Wauwatosa. Most of the materialhe collected was obtainedfrom854
the nearby Schoonmakerquarry, but he also collected extensively
at the Trimborn quarries in GreenfieldTownship and Horlick quarries
in Racine, as well as most of the otheroperating quarries in the
area. Day also purchased specimens,as did most of the gentlemen
paleontologists of the day.Day was good friends with P. R.Hoy,
T. A. Greene, and E. E. Teller,as well as other local geologists.
He supplied specimens andinformation to both James Halland T. C.
Chamberlin during thecourse of their work on the geology andpale-
ontology of southeastern Wisconsin.Besides Chamberlin and Hall,
Day corresponded with other prominentscientists, including Charles
Doolittle WalcottHe (1877) wrote at leastone scientific paper on
the geology and paleontology of thearea, demonstrating thorough
knowledge of these subjects andsome rather original thinking.
Although he had no formal trainingin geology he did not hesitate
to present ideas contrary to those heldby such eminent scientists
as Hall.He also mentioned workingon a paper about the general
characteristics of trilobites, but itwas never published.
As far as quality is concerned,Day assembled the best collec-
tion of Silurian fossils from southeasternWisconsin.This includes
many spectacular specimens of trilobites andcephalopods from the
Schoonmaker quarry. Daywas once offered $100 for a single speci-
men consisting of two complete trilobites,one of which later be-
came the holotype for Bumastus dayi.For reasons no longer known,855
Day decided to sell his collection in 1880.He offered the collection
to the University of Wisconsin through T. C. Chamberlin and also
to Harvard University.Most of the collection was purchased by
Alexander Agassiz in 1880 and was donated to the Museum of Com-
parative Zoology at Harvard the following year.It may at first seem
unfortunate that the collection left the State at that time, however, if
it had been purchased by the University of Wisconsin it would prob-
ably have been destroyed with the rest of the collections in the Science
Hall fire of 1884.Day's collection at Harvard has been dispersed
among the general collections and it is next to impossible to determine
the size of the original collection.
Day continued to collect fossils for the rest of his life and in
1884 he sold a large collection to T. A. Greene for $100; this material
cannot be identified in Greene's collection now, but considering the
price paid, it probably represents a large portion of Greene's
Wauwatosa material and other fossils.In 1893 Day retired from
his medical practice and moved to Lansing, Michigan. He died in
1903 and a collection of several thousand specimens in his possession
at that time was supposed to have been given to the Milwaukee Public
Museum, however, it was eventually sold to the University of
Michigan where it is now located.Unfortunately, most of the original
locality labels appear to have been lost for this material.
Recently, an interesting account of Day's life was given by856
H. Russell Zimmermann (1979).
Philo Romayne Hoy (1816-1892)
Dr. Phil R. Hoy was born in 1816 in Mansfield, Ohio, and
moved to Racine, Wisconsin, in 1846 where he remained for the
rest of his life (McMynn, 1893).Hoy was a medical doctor and also
a naturalist, having diverse interests including paleontology. Ac-
cording to T. A. Greene correspondence, Hoy was interested in
collecting fossils only around. Racine and he accompanied Greene
to the quarries there on numerous occasions.Hoy gave many spe-
cimens to Hall and other interested individuals (Teller, 1912).
Teller (1912) also stated that Hoy gave the last of his specimens to
F. H. Day and the now-defunct Racine College.The Racine County
Museum has a number of stuffed birds from Hoy's collections, but
no fossils.
Thomas A. Greene (1826-1894)
Thanks to the foresight of his family, much of T. A. Greene's
correspondence, library, and most importantly, his collection have
been preserved in Milwaukee, and therefore, more information is
known about his paleontological activities than about any of the other
local collectors.
Greene was born in 1826 in Rhode Island and moved to857
Milwaukee in 1848 (Greacen and Ball, 1946).After reaching
Milwaukee he purchased a drugstore and later established a success-
ful pharmaceutical supply house with Henry H. Button.His business
success allowed him to pursue his interest in mineral collecting
which he had acquired as a child (Greacen and Ball, 1946).Greene
was well known to his contemporary gentlemen paleontologists of
southeastern Wisconsin, including Day, Teller, and Hoy, as indi-
cated by his extensive correspondence with them. He also corres-
ponded with many of the leading invertebrate paleontologists in North
America, such as James Hall, Charles Wadsworth, and J. Newberry,
all of whom examined his collection at various times and borrowed
a number of specimens for their research.
Greene began collecting fossils about 1877 and in 16 years had
assembled a large and valuable collection. He had acquired a good
knowledge of fossil identification, but apparently he was not interest-
ed in publishing any scientific papers.There is only a limited amount
of geologic information in his correspondence and notes.Most of
the information deals with general conditions of quarries for collect-
ing fossils, but occasionally information about where fossils were
being found in particular quarries can be discerned. Greene was
able to purchase a large number of specimens from quarry workers.
The workers were more than happy to save fossils for Day, Greene,
and other potential customers, as the prices they received for good858
specimens could more than double their weekly salaries.Greene
had a somewhat aggressive personality and his fossil collection be-
came somewhat of an obsession, as indicated by his correspondence
to and from other collectors.His letters are generally confined to
asking individuals what he could obtain from them to the point where
most people told him they were no longer interested in trading with
him. He seldom revealed any information on the occurrence of fossils
to other collectors and, in his correspondence, it would seem that the
collecting was always better a few years before at all the localities.
He was very possessive of his fossils and after one scientist had
permanently borrowed some of his specimens, he went to extremes
to keep track of what he loaned out.The following quote from one
of F. H. Day's letters to Greene gives further insight into Greene's
personality (letter, October 23, 1889):
I was sorry to hear of your nervous attack yesterday and
sincerely hope nothing serious will result--but serve
simply as a precaution to keep that go-a-head-activeness
of yours well in hand and not overdo.
As with many other gentlemen paleontologists of the day, much
of Greene's collection was a result of purchases from quarry workers
and other parties. A notable figure in this regard is A. G. Warner
of Chicago,The only information on Warner is in Greene's corres-
pondence and it appears that he earned his living by purchasing fossils
from quarry workers (primarily in Chicago) and selling them to859
wealthy collectors. Warner showsup early in Greene's corres-
pondence to P. Hoy, having raided thequarries at Racine on a
number of occasions. Many of Warner'sspecimens ended up in
the collection of Dr. J. Kennicott of Chicagoand when Greene pur-
chased Kennicott's collection in 1885 healso acquired the services
of Warner. For the remainder of his lifeGreene purchased speci-
mens from Warner on a regular basis, often receivingseveral boxes
of fossils a week during thesummer months.It is interesting to
note that Greene would almost invariablypay less than Warner's
asking price for the fossils, therewas seldom any bargaining, and
it is difficult to determine whether Warnerwas always overcharging
or Greene was always underpaying. Asa result of his transactions
with Warner, the Greene collectioncontains the best collection of
Silurian fossils from Chicagoarea reefs assembled in the 1800's.
Most of these specimensare from the Hawthorne and Bridgeport
quarries, old localities in the Chicagoarea, and most of Greene's
locality data is still with the specimens.Because there were many
restrictions placed on the examination andloan of specimens by
Greene's heirs in the past, the collectionis still in good shape. A
number of measures, however, shouldbe adopted to insure itsuse-
fulness to future research.Firstly, cataloguing of the collection
should be completed. And secondly,the entire collection of Silurian-
Devonian fossils, minerals, and rocksamples should be kept intact86 o
since this is the only collection now available from which it is possible
to obtain data, such as approximate species abundance, from the old
classic localities, and also the collection is large enough to study
variations in characteristics of different species.
Edgar E. Teller (1845-1923)
Teller was born in Buffalo, New York, in 1845 and moved to
Milwaukee in 1875, where he became interested in fossils by walking
through a quarry (the Moody quarry) on his way to work (Teller,
1924).He became a member of the Wisconsin Natural History
Society in 1875 and was an influential member until he left Milwaukee
in 1915.Teller was the most prolific writer of the gentlemen paleon-
tologists in the Milwaukee area.His main interest was Devonian
fossils of the Milwaukee area and he wrote several papers about
them. A number of both vertebrate and invertebrate fossils were
named in his honor. He also made large collections from the Silurian
Moody quarry and the Wisconsin Cambrian. He donated many of his
fossils to the Milwaukee Public Museum, the American Museum of
Natural History, the University of Chicago-Field Museum, and the
Buffalo Society of Natural Science.In 1915 he moved back to Buffalo
and after his death his collection and library were donated to the
U.S. National Museum in 1924.His collection has since been divided
into different biologic and stratigraphic units and can no longer be861
studied intact.
There are two other collectors from the Milwaukee area around
the turn-of-the-century about whom little is known.Teller (1912)
mentioned that Mr. F. L. Horneffer of Milwaukee made a collection
of fossils during the 1890's which became part of the Teller collection.
Most of this material was Devonian, but some specimens from the
Silurian Moody reef were also included.
Mr. Charles E. Monroe of Milwaukee made a large collection
of Devonian fossils from the area which he later donated to the
Milwaukee Public Museum.Little else is known about these indi-
viduals.
Location of Various Silurian-Devonian Fossil
Collections from Southeastern Wisconsin
Most of I. A. Lapham's collection was destroyed by the Science
Hall fire at the University of Wisconsin in 1884. A few of his speci-
mens probably exist in the James Hall collections at the American
Museum of Natural History and the University of Chicago-Field
Museum, and possibly in other collections, but individual specimens
cannot be attributed to him.
James Hall's type specimens from Wisconsin are located pri-
marily in the American Museum of Natural History collections.The
bulk of his non-type Wisconsin material is in the University of862
Chicago-Field Museum collections, but some may be located in the
New York State Museum in Albany.
Most of T. J. Hale's collections were probably incorporated
into Hall's collections and no specimens can be directly attributed
to Hale.
Whatever fossil specimens that were collected by the Wisconsin
Geological Survey prior to the 1873 Wisconsin survey were stored
in Science Hall and destroyed in the 1884 fire.The specimens from
the 1873-1879 survey were, in part, stored in Science Hall and,
therefore, also destroyed; this included the lithologic samples and
one of 12 collections of about 1700 specimens of fossils.The fossils,
numbering around 20,000, collected by this survey were, according
to law, divided among 12 incorporated colleges and state normal
schools and the Wisconsin Academy of Sciences, Arts, and Letters,
which existed at that time. At that time Chamberlin (1880) published
a locality register for the entire rock and fossils collection.Unfor-
tunately, only one or two dozen fossils have been relocated and it
appears that the collections have been lost for the mostpart.The
type specimens (primarily described by R. P. Whitfield) were origi-
nally given to the Wisconsin Academy of Sciences, Arts and Letters,
but after the Science Hall fire they were transferred along with the
non-type material at the Academy to the University of Wisconsin.
The types were not well curated and in the 1930's G. 0. Raasch,863
then at the University of Wisconsin, found a number of the types in
the teaching collection which he segregated and stored separately
(G. Raasch, 1973, personal communication).These specimens were
later transferred to the U.S. National Museum (Batten, 1960) where
they are now locatedNon-type figured specimens have been dis-
tributed among the general biologic collections at that institution.
Whitfield appears to have illegally retained a large number of Survey
type and figured specimens which he sold to the University of Cali-
fornia-Berkeley in 1886; this collection has been catalogued (Peck
and MacFarland, 1954). Some of the type specimens cannot be
located in any collections.The loss of the Survey collections, field
notes, and maps is most unfortunate.
Other nineteenth century collections have already been discussed
under the various collectors.
W. C. Alden assembled some collections in his work on the
geology of southeastern Wisconsin.The Devonian material he
collected is in the U. S. National Museum along with the Silurian
phyllocarid material he collected near Waubakee (locality ),
which is included with the Devonian fossils.The rest of his Silurian
specimens cannot be located.
A. W. Grabau's collections, made at the time of his brief study
of the area reefs, are now in the collections of the American Museum
of Natural History having been recently transferred from Columbia864
University (J. Golden, 1979, personal communication).
Much of H. F. Cleland's collection was also transferred to
the U. S. National Museum, but there does not appear to be any
Silurian material with his Wisconsin Devonian fossils.R. R.
Shrock's collection of fossils and rock samples assembled during
his work in Wisconsin during the 1930's is now in the Milwaukee
Public Museum collections.The Milwaukee Public Museum also
contains large collections of Wisconsin Paleozoic fossils assembled
by G. 0. Raasch collected from around the time of World War I until
the 1940's; another large collection of fossils was assembled by
J. Emielity from the 1940's to 1970's.